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JUNE 2006 


The new format and style EPE has proved to be very popular, with many readers being 
unable to get copies of the first two redesigned issues. Both Jan. and Feb. ’06 issues have 
now completely sold out and we can no longer supply back issues, only reprints of arti- 
cles. That popularity also shows through in the projects we publish, in particular those 
for cars and music — with the Speed Camera Watch MK2 (Nov. ’05) being the most pop- 
ular project we have published in recent years, closely followed by the other car projects 


and by music related designs. 


Last month’s LED Lighting For Your Car projects have attracted much attention but we 
must point out that these should not be used to replace normal car stop, side or indicator 
lamps, they were not designed for that purpose. As discussed in the article most l.e.d.s. 
have a very narrow emission angle and the designs are not suitable (indeed are illegal) to 
use as replacements for conventional tail, stop and indicator lamps. Uses were suggested 
so please don’t be misled, our intention was to add to safety, not to make your vehicle 


illegal and your lighting unsafe! 


More 


No doubt this issue will also prove popular, with the eagerly awaited Widgy Box and 
our Digital Instruments For Cars projects, but please don’t feel these are the only areas 
we cover, next month there is a PC Infra Red Remote Receiver, John Becker’s PIC-based 
Sudoku Unit plus a Dirt Cheap High Current Bench Supply design — something for 


everyone. 


In order not to miss out — like some have already — please place an order with your 
newsagent or take out a subscription — see pages 67 and 69. 
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retail magazine outlets around the world. An 
Internet on-line version can be purchased and 
downloaded for just $15.99US (approx £9.50) 
per year available from www.epemag.com 
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READERS’ TECHNICAL ENQUIRIES 

E-mail: techdept @ epemag.wimborne.co.uk 
We are unable to offer any advice on the use, 
purchase, repair or modification of commercial 
equipment or the incorporation or modification 
of designs published in the magazine. We 
regret that we cannot provide data or answer 
queries on articles or projects that are more 
than five years old. Letters requiring a personal 
reply must be accompanied by a stamped 
self-addressed envelope or a_ self- 
addressed envelope and international reply 
coupons. We are not able to answer techni- 
cal queries on the phone. 


PROJECTS AND CIRCUITS 

All reasonable precautions are taken to ensure 
that the advice and data given to readers is reli- 
able. We cannot, however, guarantee it and we 
cannot accept legal responsibility for it. 

A number of projects and circuits published in 
EPE employ voltages than can be lethal. You 
should not build, test, modify or renovate 
any item of mains powered equipment 
unless you fully understand the safety 
aspects involved and you use an RCD adap- 
tor. 


COMPONENT SUPPLIES 

We do not supply electronic components or 
kits for building the projects featured, these 
can be supplied by advertisers. 

We advise readers to check that all parts are 
still available before commencing any pro- 
ject in a back-dated issue. 


ADVERTISEMENTS 

Although the proprietors and_ staff of 
EVERYDAY PRACTICAL ELECTRONICS take 
reasonable precautions to protect the interests 
of readers by ensuring as far as practicable that 
advertisements are bona fide, the magazine 
and its Publishers cannot give any undertak- 
ings in respect of statements or claims made 
by advertisers, whether these advertisements 
are printed as part of the magazine, or in 
inserts. 

The Publishers regret that under no circum- 
stances will the magazine accept liability for 
non-receipt of goods ordered, or for late 
delivery, or for faults in manufacture. 


TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT 

We advise readers that certain items of radio 
transmitting and telephone equipment which 
may be advertised in our pages cannot be 
legally used in the UK. Readers should check 
the law before buying any transmitting or 
telephone equipment as a fine, confiscation of 
equipment and/or imprisonment can result 
from illegal use or ownership. The laws vary 
from country to country; readers should check 
local laws. 
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DVD Encryption Securit 


y Has Been 


Hacked 


- By A Schoolboy! Barry Fox reports 


RAD Hunt, Chief Technical Officer of 
the Motion Picture Association of 
America — which speaks for Hollywood — 
admitted to the International Recording 
Media Association conference in 
California recently that “CSS is broken”. 
CSS is, of course, the encryption system 
used to stop people making digital copies 
of DVDs. But it was quickly hacked by a 
schoolboy and his DeCSS program is 
widely used to let legitimate copy pro- 
grams make illegitimate copies of DVDs. 
“There’s work going on in this area”, 
Hunt said, but would give no details on 
how the MPAA hopes to fix broken CSS. 
The encryption cannot be changed without 
making future discs unplayable on existing 
DVD players — which is the reason why the 
Advanced Access Content System built 
into both new blue laser systems (Blu-ray 
and HD-DVD) uses renewable keys for 
discs and players. A recent patent filed 
round the world by Bradley Thomas Collar 


of Warner Bros gives one clue to what the 
MPAA may have in mind (WO 
2005/098832). The patent exploits the 
technical trick used by some deCSS copy 
programs to justify the legal argument that 
owners of DVDs should be able to make 
one digital clone copy, just as the SCMS 
system used to protect CDs permits one 
digital copy. 

“The reasoning (albeit a flawed one) is 
that one archival copy should be allowed, 
but not rampant copying”, says the patent. 
The DVD archive copy programs (like the 
now deceased DVD X-Copy and many 
others that have crept onto the market) put 
a file on the copy disc that identifies it as 
an “archive” copy. The program then looks 
for this file whenever it is asked to make a 
copy. If there is no archive file, the copy is 
made; if there is an archive file, no copy is 
made. 

Warner is patenting the idea of putting an 
archive file on original discs. So any copy 


software that argues legality by refusing to 
copy a copy, will also refuse to copy an 
original disc. Another recent patent (US 
20050232612), this time from Disney, 
claims the idea of putting many different 
trailers and promotional adverts on a DVD, 
along with “random” or “shuffle play” 
software. So a few of the promos play 
every time the disc is played, but they are 
different each time, or in different order. 

The idea seems sensible. But what makes 
the patent especially interesting is the way 
it is worded. Referring to the current situa- 
tion where tapes and discs contain a few 
promos that insist on playing every time 
you want to watch the movie, Disney’s 
patent admits: “You must endure the same 
previews every time you play the movie, or 
be forced to “fast forward” through the 
previews to reach the actual movie ... (this) 
detracts from the enjoyment ... becomes 
annoying and has a detrimental effect on 
the viewer.” 


Miniature AM Receiver 
Module 


The new AM-HRR30 “super-regen” AM 
receiver module from RF Solutions has a 
compact hybrid construction and is 
approximately half the size of other hybrid 
modules on the market. With overall 
dimensions of just 25-4mm x 8-9mm x 
4mm, the AM-HRR30 can be easily inte- 
grated into customer applications. Its 
robust electrical and mechanical construc- 
tion makes it especially useful in portable 
devices and other small form factor pieces 
of equipment. 

The AM-HRR30 is able to capture unde- 
coded data from any AM transmitter (for 
example RF Solutions’ AM-RT4/5 range). 
The module has a receiving range of up to 
50 metres and a data rate of up to 4800 
bits/sec. The new devices can be supplied 
with operating frequencies between 
300MHz and 450MHz. Standard parts are 
available with frequencies of either 
315MHz or 433MHz. 

Supply current for the AM-HRR30 is 
3mA maximum. For applications where 
ultra-low power consumption is of para- 
mount importance, RF Solutions offers the 
AM-HRR60 which draws a supply current 
of just 0-SmA. 

The new modules specify very high fre- 
quency stability over their wide —25°C to 
+80°C operating temperature range. The 
durable construction of the AM-HRR30 
ensures that its performance is maintained 
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even in applications where it is subjected 
to mechanical vibration and manual han- 
dling. A unique patented laser trimming 
process gives a highly accurate on-board 
inductor that conveniently alleviates the 
need for any adjustable components in the 
design. 

The ETSI300-220 compliant AM- 
HRR30 features a CMOS/TTL compatible 


output and requires no radio licence to 
operate. The only connections required are 
to an antenna and a 5V power supply. 


Further information, contact: R.F 
Solutions, Dept EPE, Unit 21, Cliffe Ind. 
Estate, South Street Lewes, East Sussex, BN8 
6JL. Tel: +44 (0) 1273 898000. Fax: +44 (0) 
1273 480661. Web:www.rfsolutions.co.uk. 
Email: sales @rfsolutions.co.uk. 
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Marconi Exhibition 


A special exhibition at the Museum of 
the History of Science is being held to 
mark the acquisition by the Museum and 
the Bodleian Library of the extraordinary 
Marconi Collection. The exhibition covers 
the history of radio from Marconi’s early 
demonstrations in the 1890s to the begin- 
ning of regular public broadcasting in the 
1920s. 

This is the story of a technology that 
has shaped the modern world. At first, 
the major purpose for “wireless” seemed 
to be for sending individual messages in 
Morse code, with much greater flexibili- 
ty than the established telegraph system, 
which relied on connections by wires. 
“Wire-less” would have military applica- 
tions and would be especially valuable 
for communications at sea. However, 
there was nothing to stop people “listen- 
ing in” and, with the coming of voice 
messages, enthusiasm grew for a 
completely different concept in commu- 
nication — broadcasting. 

The exhibition concentrates on the dra- 
matic and memorable events in the early 
story: 

®@ Marconi’s celebrated early demonstra- 
tions, including cross-Channel signals 

@ The achievement of a trans-Atlantic 
signal in December 1901 

@ The Titanic disater and the use of radio 
to rescue survivors 

@ The development of radio in World War 
One 

@ The birth of broadcasting, up to the 
foundation of the BBC 

These are illustrated by original instru- 
ments and documents of outstanding inter- 
est, including: 


@ Apparatus from Marconi’s very first 
demonstrations, including the  trans- 
Atlantic signal 

@ Famous original experimental note- 
books and patents 

@ “Marconigram” messages sent from 
the Titanic and between ships in the vicini- 
ty (see above) after the fatal collision; this 
material has not been displayed before and 
is of great public interest 

@ Early radios and broadcast equipment, 
including the microphone used in Dame Nellie 
Melba’s celebrated recital on 15 June 1920, 
the first live public entertainment broadcast. 


The exhibition was opened on 24 April 
by Lord Patten of Barnes, Chancellor of the 
University of Oxford, and Princess Elettra 
Marconi, daughter of Guglielmo Marconi. 

The exhibition dates are 25 April to 1 
October 2006, Tuesday to Saturday 12pm 
to 4pm, Sunday 2pm to 5pm, admission 
free. There is also a range of special 
events. 

For further information, please contact Dr 
Jim Bennett, tel: 01805 277281 (or 277280), 
email: jim.bennett@ mhs.ox.ac.uk. 

The Museum’s website is at: 
www.mhs.ox.ac.uk. 


PIXAR EXHIBITION 


The Science Museum has opened a new 
exhibition examining the work of Pixar 
Animation Studios’ artists, bringing 
together 250 drawings and paintings, 50 
sculptures plus computer generated multi- 
media artworks. All of these works demon- 
strate the rich creativity behind the devel- 
opment of the studio’s technologically 
advanced films. 

Pixar: 20 Years of Animation, opened on 
1 April 2006 and provides artistic and tech- 
nological insight into the studio’s hugely 
successful movies, ranging from Toy Story, 
A Bug’s Life, Toy Story 2, Monsters, Inc., 
Finding Nemo, The Incredibles and the 
forthcoming Disney presentation of the 
Pixar film Cars, each of which are revolu- 
tionary films in animation. 

To accompany the exhibition, the 
Museum will run a series of events for a 
range of audiences, from workshops for 
seven to 14 year olds, to talks with anima- 
tors, directors, producers, Oscar winners 
and nominees, revealing the details and 
secrets of their work. Jon Tucker, Head of 
the Science Museum said: 

“This exhibition will give our visitors a 
unique glimpse into Pixar Animation 
Studios, one of the most creative film stu- 
dios in the world”. 

The exhibition will also look at the histo- 
ry of animation in film, using objects from 
the Science Museum’s collection, includ- 
ing original Victorian magic lanterns, 
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zoetropes, cameras and early pieces of ani- 
mated film. 

The exhibition has an exclusive 10-week 
run at the Science Museum until 10 June 
2006. Admission: adult £9; child/student £7; 
Educational groups £4 per person; family: 2 
adults + 1 child £20; 2 adults + 2 children 
£27. Exhibition tickets can be pre-booked on 
0870 870 4868 or via the museum website. 

Further information on the exhibition and 
all accompanying events can be found at 
www.sciencemuseum.org.uk/pixar. 


Radio-Electronics Website 


Tan Poole, author of our earlier New 
Technology Update column, tells us that his 
website www.radio-electronics.com now 
serves over 200,000 pages a month and is 
continuing to grow. Coupled with this, the 
site had over 60,000 visitors, proving its 
popularity. The site, which is run and edited 
by Ian, of Adrio Communications Ltd, aims 
to provide concise, useful overviews and 
tutorials in an easy to read form. 

The website now has well over 300 pages 
of full content, making it one of the largest 
on the Internet and a significant resource of 
useful information. It covers a wide range 
of radio and electronics topics ranging 
from receiver technology and phase-locked 
loops, through antennas, feeders, circuits 
and components to the latest technologies 
including cellular telecommunications, Wi- 
Fi, Bluetooth, UWB and more. There are 
also some pages of interest covering radio 
and electronics history. 


The site has been in existence for several 
years and over this time many positive 
comments have been received from a vari- 
ety of users. 


RAPID’S NEW PRODUCTS 


We have received the latest edition of 
Rapid Electronics’ New Products Focus 
publication. This is devoted to Rapid’s new 
products, but it now also incorporates 
Rapid’s Focus magazine. As such it also 
has a variety of feature articles of general 
interest, as well as product information. 

Rapid are one of the industry’s leading 
components distributors, and no hobbyist 
workshop should be without a copy of their 
main catalogue, of which the 2006 edition 
is now available. 

For more information, contact Rapid 
Electronics Ltd., Dept EPE, Severalls 
Lane, Colchester, Essex CO4 5JS. Tel: 
01206 751166. Fax: 01206 751188. Email: 
sales @rapidelect.co.uk. Web: www.rapid 
electronics.co.uk. 


EOCS Magazine 


The April ’06 issue of the Electronic 
Organ Magazine has been received from 
the Electronic Organ Constructors 
Society (EOCS). If you are interested in 
electronic organs and such, contact: 
Treasurer EOCS, Dept EPE, 2 Boxhill 
Nurseries, Tadworth, Surrey KT20 7JF. 
Email: Treasurer@eocs.org.uk. Web: 
www.eocs.org.uk. 


This unique metal locator contains just five components - a 

low-cost IC, a variable capacitor, two search coils and a crystal 
earpiece. And believe it or not, despite the apparent simplicity 
it is capable of surprisingly good results. 


HIS CIRCUIT represents a genre of 

metal locator. Although it borrows 
from other kinds of locators/detec- 
tors, its basic principle of operation 
is different. 

And while this may seem to stretch 
one’s credulity, the performance 
matches that of a budget Induction 
Balance (IB) detector. Build it — and 
you will see! This design is even more 
simple than the original Beat Balance 
design published previously (EPE 
May 2004). 

During testing, it detected an old Eng- 
lish penny at 150mm (6”) in air. How- 
ever, I would only put my neck on the 
block for 125mm (5”), since a number 
of factors influence sensitivity. 
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This locator may therefore represent 
the writing on the wall for budget IB 
types and even puts paid to most of the 
advantages (the few remaining ones) 
of Beat Frequency Operation (BFO) 
detectors. 


Overview 

Instead of using a search and a refer- 
ence oscillator (as in the BFO type), or 
transmit and receive coils (as in JB), 
this detector uses two transmitters 
(or search oscillators) with IB-style 
coil overlap. 

As will be seen from Fig.1 and our 
photographs, these are extremely 
simple in design. Each oscillator com- 
prises just one-quarter of a common 


quad op amp IC plus the search coil! 

The frequencies of the two oscilla- 
tors are then mixed (in similar fash- 
ion to a BFO) to produce an audible 
heterodyne. 

On the surface of it, this design 
would seem to represent little more 
than a twinned BFO metal locator. 
However, what makes it different above 
all else (and significantly increases its 
range) is that each coil modifies the 
frequency of the adjacent oscillator 
through inductive coupling. This intro- 
duces the “balance” that is present in 
an IB metal locator and boosts sensitiv- 
ity well beyond that of a BFO. 

Beyond this, all that is required is 
a means to control the mixer output 
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frequency, so that the metal locator 
can be tuned. This could be accom- 
plished in a number of ways but the 
method chosen here is a variable ca- 
pacitor (a standard 100pF AM radio 
tuner) wired between the two oscil- 
lator outputs. 

Since the concept borrows from both 
BFO and IB, we give a nod to each of 
these by calling the principle “Beat 
Balance”. 


Characteristics 


The main characteristics of beat 
balance (BB) are as follows: 
@ Depending on the way it is de- 
signed, a BB metal locator potentially 
offers the same sensitivity as IB. 
© It requires no receiver amplifier or 
level detector, thus vastly simplifying 
design and reducing cost. The present 
circuit uses just two main components, 
while matching the performance of a 
budget IB metal locator (which would 
probably have 10-20 parts). 
® Bothsearch oscillators are identical, 
therefore BB offers high immunity to 
voltage and temperature variations. 
This obviates the need for compen- 
sation circuits, including voltage 
regulation. 
e Each search coil has the opposite 
response to metal, thus BB has a high 
degree of immunity to ground miner- 
alisation. At the same time, it offers 
good discrimination at the point where 
the two search coils overlap 


The circuit 
The design is based on the simplest 
of inverter oscillators. 
Let us focus first on IC1a. Since an 
inductor resists rapid changes in volt- 
age (called reactance), any change 
in the logic level at IC1a’s output 
(pin 1) is delayed during trans- 
fer to inverting input pin 2. 
An approx. 8V/j1s slew rate 
further delays switching 


This view inside the box shows the WHOLE circuit (with the exception of the 
coils, of course, and the tuning capacitor hidden under the PC board). 


of IC1a, thus setting up a rapid oscil- 
lation. 

One end of the search coil is further 
wired to the non-inverting input (pin 3), 
which stabilises operation. While pin 3 
could be left “floating”, this would be a 
less satisfactory arrangement. 

Since different ICs have different 
slew rates, as well as different input 
impedances, they are unlikely to work 
in this circuit. However, the TLO74CN 
IC is widely available and there should 
be no sourcing problems. 

The search coil is a critical part of 
the oscillator and needs to be suitably 


ON/OFF 
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POOR MAN’S METAL LOCATOR 


Fig.1: the complete circuit — it could hardly be any simpler, could it? 


designed to achieve oscillation and to 
obtain the required frequency. 

While this frequency needs to be 
high, it should not be so high that 
noise or instability are introduced. 
Both the characteristics of IC1 and 
the inductance of the coil influence 
oscillator frequency, which lies around 
260kHz without a Faraday shield. The 
Faraday shield approximately doubles 
the inductance of the coil, thus roughly 
halving the frequency. 

IC1b is wired in exactly the same 
way as [C1a, except that its search coil 
is connected in opposite phase. 


* EACH COIL 70 TURNS OF 30 SWG 
(0.32mm) ENAMELLED COPPER, 

120mm IN DIAMETER. COILS 

OVERLAP TO PRODUCE TONE 


Xl 
CRYSTAL 
EARPIECE 
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TO 100pF 
TUNING 


TO 8xAA 
(12V) BATTERY 
HOLDER 


+ a 


FROM 
COIL L1 


As the search head is swept over 
the ground, the presence of metal in- 
creases the inductance of L1 and then 
L2, or vice versa, thus bringing about 
a dip in the oscillator frequencies. A 
third op amp, IC1c, is used to mix the 
output of the oscillators, thus creating 
an audible difference frequency, or 
beat frequency. 

This leads us to the one distinctive 
feature of BB. Not only does the pres- 
ence of metal alter the frequency of 
a search oscillator but as in the case 
of IB, it also influences the adjacent 
coil. In fact, both coils influence each 
other through mutual induction, thus 
greatly enhancing the sensitivity of 
the system. 

Beyond this, we only need to find 
a method of tuning the metal loca- 
tor. This is achieved using variable 
capacitor VC1, which further couples 
the two inductors (the search coils), 
thus offering a means of controlling 
balance. Almost any variable ca- 
pacitor should work in this position, 
although it should preferably have a 
smaller value; eg, 47pF to 100pF. A 
small value capacitor (eg 47pF) can 
be wired in series with VC1 to reduce 
a larger value. 

A crystal earpiece is used for sound 
output. While a piezo sounder may be 
used (without integral electronics), 
this is not likely to offer good volume. 
If the volume in the earpiece is too 
high, use a suitable series resistor to 
reduce it. An inductive sounder or 


12 


Fig.2: construction of the oscillator section could hardly 
be simpler. Follow the diagram and photograph above 
and you can’t go wrong! 


earpiece is not recommended, because 
it could overload IC1c. 

Current consumption is around 
15mA. Therefore an 8 x AA battery 
pack should last around 70 hours. 


Construction 


There’s so little on the PC board that 
it would be difficult to make a mistake. 
OK, so you could put the IC in back- 
to-front, likewise the search coils’ 
starts and ends could be inadvertently 
swapped. Apart from that, there’s pre- 
cious little to worry about. 

Fit the 12 stakes to the PC board and 
solder them into place, then solder the 
two jumper wires as shown. Normally 
we would say use resistor lead offcuts 
for this — but there aren’t any! You'll 
have to use some tinned copper wire 
instead. 

Now comes the challenge of popu- 
lating the PC board! Since this is a 


Two overlapping 
coils are wound 
using 30SWG wire 
and fastened to 

a non-metallic 
base. Figure- 

of-8 screened 
microphone cable 
connects the coils 
to the oscillator. 


sensitive, high-frequency circuit, I 
would recommend that IC1 be sol- 
dered directly to the PC board (ie, 
not socketed). So long as you insert 
this component the right way round, 
there would appear to be little to go 
wrong! The TLO74CN isa fairly “tough 
bird”— but be reasonably quick with 
the soldering iron. 

Wire up the variable capacitor VC1, 
the socket for the crystal earpiece and 
the battery and switch (carefully note 
the polarity of the battery leads — an 
error here could destroy the circuit). 
It’s usual to insert the on-off switch in 
the positive battery lead. Some battery 
holders have solder tags, others (such 
as the one we used) need a 9V battery 
snap to connect them. Again, watch 
the polarity! 

Now mount the on-off switch and 
the jack socket (for the crystal earpiece) 
on the case. I used long bolts to clamp 
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VC1 underneath the PC board and 
found this an easy and effective way 
of fixing the variable capacitor to the 
case. Use a slice of non-conductive 
rubber to isolate VC1 from the back 
of the PC board. 

Next, wind the two search coils. 
They are 70 turns of 30SWG (0-315mm) 
enamelled copper wire on 120mm 
diameter formers. Faraday electro- 
static shields are essential for circuit 
stability. These are connected to 0V 
and should use balanced (figure-8) 
screened microphone cable. Winding 
of the coils is not critical and a little 
give and take is permissible. However 
they should be as close as possible to 
identical. 

Wind the coils around the formers, 
temporarily holding them together by 
passing stubs of insulating tape under 
them and pressing them together over 
the top. Once you have wound the 
coils, bind them tightly with insulating 
tape around their entire circumference. 
Scrape the enamel off the ends of the 
coils’ enamelled copper wires to solder 
them to the microphone cables. 

Now add Faraday shields. Prepare 
some long, thin strips of aluminium or 
tin-foil. Twist a 100mm length of bare 
wire around each coil, over the insulat- 
ing tape. This wire provides electrical 
contact with the foil and is soldered to 
the microphone cable screens. 

Beginning at the base of the bare 
wires, wind the foil around the cir- 
cumference of the coils, so that no 
insulating tape is still visible under the 
foil — but the foil should not complete 
a full 360°. 

Leave a small gap (say 10mm) so that 
the foil does not meet after having done 
most of the round. Now again tightly 
bind the coils with insulating tape 
around their entire circumference. 

Attach the coils to the circuit by 
means of the specified microphone 


Parts List — Poor Man’s 
Metal Locator 


1 PC board, code 570 available 
from the EPE PCB Service, 
51 x 64mm 

1 plastic case, 150 x 90 x 50mm 

1 TLO74CN quad op amp (IC1) 

1 10-100pF variable (tuning) 
capacitor, with knob 

1 crystal earpiece 

1 3-5mm mono earphone socket 

18x AA battery holder and 
batteries 

1 battery snap (if required by 
holder) 

1 SPST power switch 

55m (approx.) 30SWG enam- 
elled copper wire 

2 lengths twin shielded balanced 
microphone coax (figure-8), 
approx. 2m long 
hookup wire 

2 20mm lengths tinned copper 
wire (for PC board links) 

2 lengths of aluminium foil, 
approx. 20mm wide (for shield) 

1 length PVC conduit to suit 
(handle) 

4 20mm M8 screws and nuts 

Suitable cable ties 

Clear polyester resin 


cables, being careful to identify the 
beginning and end wires correctly as 
shown. Ifthese are not correctly identi- 
fied, there could be a 20% loss of sen- 
sitivity. The Faraday shields should be 
connected to the cable screens and to 
OV on the PC board as shown. 


Hardware 

The “hardware” construction is just 
as simple as the rest of the design. 
The two search coils are fixed to a 
plate of hardboard or Masonite, with 
a single PVC electrical conduit shaft 


= 


attached. The control box, containing 
all of the electronics apart from the 
coils, attaches to the shaft via a pair 
of cable ties. 

The top of the shaft is then held in 
the hand just above the control box, 
while its upper length rests against 
the back of one’s forearm. 

Use a stiff, non-metallic plate for the 
search head. Hardboard or Masonite is 
both stiff and easy to work with (I cut 
up an old Masonite clipboard for the 
purpose). Before the coils (or anything 
else) are attached to the baseplate, 
their best operating position needs to 
be determined. 

Begin by placing the two coils on 
the search head plate, directly on top 
of one another (that is, “meshed”), 
with their beginning and end wires 
positioned as shown. Turn VC1 to its 
mid-position. Switch the detector on, 
then slowly move the coils apart. 

When the coils have all but been 
separated from one another, a tone 
will be heard in the crystal earpiece. 
Adjust the coil positions so that this 
is a fairly low tone — then drill holes 
and use cable ties (several for each 
coil) to fasten them in this position 
on the plate. 

Once the cable ties have been tight- 
ened, carefully bend the coils until a 
low tone is again heard in the crystal 
earpiece. To lower the tone, create a 
greater overlap of the two coils (ie, a 
larger segment in the middle), and 
vice versa. 

To construct a shaft, saw the end off 
a length of PVC piping at a 25° angle. 
Drill holes through the pipe close to 
its bottom end and holes through the 
centre of the search plate. Then bind 
the pipe to the search plate with ca- 
ble ties. The pipe (or shaft) will later 
be fixed permanently to the search 
plate with clear polyester resin (see 
photographs). 


The lid is secured to the PVC pipe by means of a couple of cable ties. When these are pulled tight, they really grip well! 
Then the lid (which is effectively now the base) is screwed onto the box — and presto! 
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The two coils need to be set rigidly 
in position on the search head, so that 
they will not move even slightly when 
the metal locator is in use. I would 
recommend that they be potted in clear 
epoxy resin, which is available from 
most hardware stores, together with 
the necessary hardener or catalyst. 


The “works” box (left) is mounted 
near the top of the PVC tube. This view 
shows the front of the box, with the 
earpiece socket, tuning capacitor and 
on/off switch. We haven’t put a fancy 
label on this project — it would sort of 
ruin the effect, wouldn’t it? Besides, 
the label would be on the underside. 
At right is the coil end, showing how it 
mounts to the PVC tube. 


A section of one coil should be left 
exposed where the two coils intersect, 
so as to enable final fine adjustment. 
This section of coil may be temporarily 
protected with Blu-Tac. 

Be sure to plug the holes beneath 
the search head before pouring the 
resin, since it is very runny and sticks 
faster than many glues! The detector’s 
PVC shaft is bound to the search head 
with the resin. 

I tied the control box to the shaft 
with cable ties and used a little all- 
purpose glue to assist. Cable ties were 
further used to bind the cables to the 
shaft. No hand grip was attached to 
the prototype but the shaft was kept 
long at the top, so as to rest against 
the back of my forearm as I gripped 
the shaft with my hand. 


Checking it out 

Once construction is complete 
and everything checked, switch on 
and tune VC1 until a clear difference 


The Patent That Came Close — But No Cigar! 


US Patent 4,196,391 of 1980, by Harold J Weber, was a good piece of 
original thinking that makes fascinating reading. It came so close to Beat Bal- 


ance — but no cigar! 


The patent describes a metal locator which uses two transmitters, as does 
ours, balanced by a variable capacitor. However, the patent seeks “least in- 
teraction between the inductors”, while ours is almost entirely dependent on 


such interaction. 


In the patent, a variable capacitor is used to balance the frequencies of 
the two transmitters. Ours, on the other hand, uses variable capacitor VC1 to 


obtain a beat frequency. 


The patent mixes the two transmitter frequencies with a third frequency from 
a Beat Oscillator. The purpose of this is to provide binaural location of metal 
objects, which is the “primary object” of the patent. Ours obtains an audible 
heterodyne by mixing the two transmitter frequencies directly, its primary object 


being to boost sensitivity. 


Harold J. Weber states in his patent that he is “surprised” to find “pronounced 
improvement” by alternating the signals in the ears — for which he employs a 
Gate Oscillator and a Gate Switch Driver. Why the expression of surprise? It 


is hardly scientific language. 


My hunch is that the pronounced improvement lay not in the ears but in 
the coils. He considered that he had merely invented another “beat frequency 
detector type”, thus missing a significant breakthrough by a whisker. 
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frequency or heterodyne is heard in 
the crystal earpiece. This should ide- 
ally be a low tone of just a few tens of 
Hertz. It will be found that sensitivity 
is dependent to some extent on tone 
and some experimentation will yield 
the best frequency. If necessary, further 
adjust the coils, moving them further 
apart if the circuit is silent, or closer 
together if the frequency is too high. 

Bring a metal item close to the coils. 
It will be found that one coil causes 
the tone in the crystal earpiece to 
rise, while the other causes it to fall, 
with the overlapping segment offering 
discrimination between ferrous and 
non-ferrous metals. 

The detector should pick up a large 
coin (eg, 50p) at up to 150mm in air 
(125mm is a sure bet), while large 
metal objects (eg, a cake tin) will be 
detected at halfa metre. At close range, 
itis capable of picking up a pin. When 
in use, hold the search head close to 
the ground, sweeping it to and fro. 
Unlike IB, the two coils give opposite 
responses to metal, which one soon 
becomes accustomed to. 

While the detector is unusually sta- 
ble, readjustment by means of VC1 will 
inevitably be required, particularly im- 
mediately after switch-on. EPE 


Reproduced by arrangement with 
SILICON CHIP magazine 2006. 
www.siliconchip.com.au 
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Random Number Generation 


N the whole, microcontrollers are 
OC ics they faithfully follow 

the instructions we give them. 
Barring hardware faults or coding errors, 
when asked to perform a sequence of 
instructions they will execute them in 
exactly the same way time and time again. 
That’s all part of the microcontroller 
design; every operation is synchronised to 
the processor clock. That’s a very good 
thing too; when we write a piece of soft- 
ware we would want it to work the same 
way on every processor, every time it is 
run. 

Sometimes, however, it is useful to 
introduce a bit of randomness into the 
operation of a program. In a game of hang- 
man for example, you would want to select 
a random word from a dictionary; some 
problem solving algorithms, for example 
navigating a maze, can benefit from mak- 
ing random decisions on which path to 
take. In the latter case it may not always be 
the most efficient method but it would be 
simple to implement and a lot of fun to 
watch! 

Software testing is also an area where 
randomness is useful, since it can provide 
interesting input data that the person who 
wrote the software may not have consid- 
ered. You could run the routine in a test 
harness thousands of times with random 
input data to verify that it performs cor- 
rectly with a wide range of input data. 


What is Randomness? 

So what exactly is randomness? 
Surprisingly, it’s difficult to find a useful 
definition of the word. The Oxford English 
Dictionary offers “made, done, or happen- 
ing without method or conscious decision”. 
A more workable definition can be found 
in mathematics: “Being or relating to a set 
whose numbers have an equal probability 
of occurring”. What this means is that 
given a group of “things”, such as the 
words in a dictionary, the group of numbers 
between 0 and 255 or the possible direc- 
tions to turn in a maze, any one of the val- 
ues in that group has the same probability 
of being chosen as any other. 

That last definition of random is nice 
and concise, but achieving it in real life is 
almost impossible. There are some natural 
sources of randomness; radio-active decay 
is probably one of the best known. While 
the half-life of a particular radio-active ele- 
ment can be clearly defined the time 
between decay events is completely unpre- 
dictable, and if monitored by a sensor con- 
nected to your system it would form a very 
good random number generator. That’s not 
a very practical solution however, so we 
need to look elsewhere for our source of 
random numbers. 
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Achieving Randomness 

There are two approaches to this prob- 
lem: make your own, or get some pre-cal- 
culated from somewhere else. This is not as 
crazy as it sounds. There are many web- 
sites dedicated to generating “very ran- 
dom” numbers including some respectable 
research establishments such as Fourmilab 
in Switzerland. The site www.random.org 
provides further information on random- 
ness and has a form with which you can 
submit requests for up to 10,000 random 
numbers at a time. They also, amusingly, 
link to an alternative site that can serve 
up very non-random numbers: www. 
noentropy.net — worth a quick visit! 

Once you have your random numbers 
you can store them away in your applica- 
tion and just call them up one at a time. If 
you record the index into the table in non- 
volatile memory such as EEPROM, then 
you will be able to give the appearance of 
randomness, pulling a new random number 
out each time. This is a very fast imple- 
mentation, requiring just a lookup table. 

The downside is that at some point you 
will reach the end of the list and need to 
repeat again from the beginning. Also, as 
you will need to store between one and 
four bytes per entry this method would 
consume a large amount of non-volatile 
memory. Not a practical solution. 

White noise, which can be created by 
amplifying electron noise (from a diode 
source for example), produces a signal 
which can be clipped to output a sequence 
of random ones and zeros. This technique 
requires additional analogue circuitry in 
your design and a software process to clock 
in “bits” to build up a byte or word. It will 
also be susceptible to interference from 
internal or external signals. 


Linear Congruential Generator 

Fortunately, there is an alternative, sim- 
ple, algorithmic solution to the problem: 
the Linear Congruential Generator. This is 
a trivial equation that can be used to gener- 
ate a pseudo random number sequence. 
“Pseudo” means that it is only an approxi- 
mation; in particular, the sequence will 
repeat itself after a (possibly large) number 
of iterations. Microsoft used this system in 
their implementation of the BASIC pro- 
gramming language. 

The detailed explanation behind the 
equation is extremely complicated. 
Fortunately the equation itself and its 
application is not. Here it is: 


x1 = (x0 * a + b) MOD (2424) 


where x0 is the previous random number 
generated, x1 is the new one, “a” is the 


constant 1140671485 and “b” is the con- 
stant 12820163. The equation will give 
numbers in the range of 0 to 16777215, ie 
a 24 bit number. 

This method can be implemented easily 
in any programming language, for example 
in C the following would do: 


nt main(int argc, char* argv[]) 
{ 

unsigned long rndVal = 50000L; 
int i; 

float rndFloat; 


for (i=0;i<10;i++) 


{ 
rndVal = (rndVal * 1140671485L + 
12820163) & OxfffftfL; 


// rndVal returns a number less than 
16777216; 

// divide by 16777216 to get a fraction 
between 0 and 1 

rndFloat = 
(float) 16777216.0; 


(float)rnd Val / 


printf(‘‘Value is %.15f\n”,rndFloat); 
} 
return 0; 


} 


The reasons for the choice of values 
“a” and “b” are complex (in an early ver- 
sion of Basic, Microsoft choose a bad 
pair, resulting in a poor random number 
generator) but as you can see, it is a very 
straightforward algorithm to translate 
into software. 

For us microcontroller fans, however, 
there is a big problem: the numbers in the 
equation are very large, and require the use 
of floating point division. This would 
require several hundred bytes of program 
code and several hundred clock cycles to 
execute. Is there no simpler way? 


Simpler PRBS Method 


Fortunately, a small, simple and fast 
solution does exist, that can produce 
acceptably random numbers. The 
method, called pseudo-random bit 
sequence generators, comes from the 
electronics world. They consist of a 
series of shift registers with a multiple 
input exclusive-OR feedback to the 
input. Depending on the number of shift 
registers used and the position of feed- 
back taps, you can create a digital signal 
with random characteristics that repeats 
after a very long series of clock. 

An example is shown in Fig.1. This is 
a 9-bit shift register with feedback taps at 
positions five and nine. The two input 
exclusive-OR gate (shown at “B’’) feeds 
these feedback taps back into the input. 
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At each shift of the circuit the last 8 bits 
can be copied out into a register (shown 
at “C”) to provide a random number 
between 0 and 255. The circuit will pro- 
duce a random bit stream that repeats 
after 511 cycles. 

Certainly 551 cycles is not a lot, but for- 
tunately the circuit can scale very easily. A 
31-bit shift register with taps at positions 
31 and 28 will not repeat for over 2000 mil- 
lion cycles! 

One of the nice things about PRBSs is 
that there is a very strong similarity 
between the electronics implementation 
and what you do in software, showing how 
close the two disciplines are. 


Implementing PRBS 

We can implement the shift registers as a 
series of RAM memory locations; a 31-bit 
shift register will require four bytes. To 
cycle to the next random value we simply 
need to perform an exclusive-OR of bits 31 
and 28, shift the register to the right and 
stick the feedback value into the lefthand 
bit. You can extract your random value — 8, 
16, 24 or 32-bit — from the righthand side 
by just reading the appropriate memory 
locations. 

There is only one thing we need to take 
account of: the shift register must be given 
a non-zero value at the beginning. If you 
start with all zeros in the shift register then 
it will stay that way. 

The code is straightforward. First, con- 
sider the initialisation of the shift register: 


initRand 
; Give the PRBS a non-zero start value 


movlw SEED_VALUE_1 
movwf shiftReg1 

movlw SEED_VALUE_2 
movwf shiftReg2 

movlw SEED_VALUE_3 
movwf shiftReg3 

movlw SEED_VALUE_4 
movwf shiftReg4 

return 


The seed value should be any non-zero 
value. To avoid starting at the same random 
value each time your application starts you 
should use a different SEED value when 
you call the initialisation routine. The sim- 
plest way is to just record the values stored 
in the shift register bytes into non-volatile 
memory and reload them in your initialisa- 
tion routine. You can store them periodical- 
ly or on each cycle of the PRBS, whichev- 
er is convenient. 

To generate a random number, use the 
following: 


Fig.1. Flow chart of simple PRBS method 
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generateRand 
; XOR bits 28 and 31 
rrf _—_shiftReg4, W 
movwftmpReg 
swapf shiftReg4, W 
xorwf tmpReg, F 


; Put result in the Carry bit 
rrf —‘ tmpReg, F 


; Perform the shift 
rrf _—_ shiftReg1, F 
trf _—_shiftReg2, F 
rrf _—_ shiftReg3, F 
rrf _—_shiftReg4, F 
return 


As you can see, there is not much to it. 
Just nine instructions, five RAM locations 
used and an execution time of nine instruc- 
tion cycles. Because the code is so efficient 
you can place it in an interrupt routine 
(should you wish to do so) and call it on a 
timer, for example once per second, to give 
yourself some extra “randomness”. Calling 
it once every time you extract a random 
number is perfectly acceptable though. If 
you do update it in an interrupt, take care 
how you read the random number — your 
code may be interrupted during the read. 

So finally, to read the random number, 
just read as many bytes from the shift reg- 
ister as you wish, with the “righthand” byte 
being the least significant. Here are some 
examples: 


get8bitRand 
movfw _ shiftReg4 
movwf rand 
return 
getlobitRand 
movfw _ shiftReg3 
movwf randh 
movfw _ shiftReg4 
movwf_randl 
return 


Random Entropy 

When we extract data from the PRBS in 
this way — copying out a range of bits to 
form a byte or word — we are “cheating” 
slightly. The random nature of the PRBS is 
reduced, but when you consider that the bit 
sequence does not repeat over a 2000 mil- 
lion range, it is unlikely to be a problem. 
As with many of the choices we make 
when we design a system, we must make 
some compromises, ones that (generally!) 
go unnoticed by the end user. 

The degree of randomness a system has 
is called its 
“entropy”. It’s a 
measure of the 
level of chaos or 
disorder in a 
system. If our 
random number 
generator 
always returned 
“1” it would be 
considered to 
have a very low 
entropy. We can 
increase the 
level of entropy 
in our system by 
making calls to 


the generateRand function in parts of our 
program that do not occur at specific times, 
for example when a key is pressed, or some 
external event occurs. Operating systems 
like Linux do this; when a programmer 
writes a device driver for the Linux kernel 
they can signal to the kernel that it can con- 
tribute to the system entropy (due to the 
random nature of incoming events for 
example.) 


An Illusion 

Computers are purely deterministic; 
what they do can always be predicted. Our 
PRBS generator will provide the illusion 
of randomness, but it will always be an 
illusion. 

In some cases, such as software testing, 
this is actually a benefit. If a particular 
sequence of pseudo random test values 
causes a problem, they can always be 
regenerated if the starting point is known. 
The generator detailed above will produce 
exactly the same 2000 million sequence if 
it is run on a PIC, a PC or the largest super 
computer. 

To improve the randomness of your gen- 
erator consider using external events (such 
as time elapsed between keypresses or 
incoming serial bytes) to increase the 
entropy. True randomness is an unachiev- 
able goal but an acceptable, workable com- 
promise is perfectly possible with an 
incredibly small code and memory over- 
head. May your next project be truly unpre- 
dictable! 

An example of the practical use of a 
PRBS is used in the software of the PIC 
Sudoku unit to be published next month. Ed. 
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4% Suitable for use 
with a variety of 
sensors 


* Use it to show 
fuel level, oil 
pressure or engine 
temperature 


* alarm output 


* Display auto-dims 
at night 


Digital Instrument 
Display For Cars 


Based on a PIC microcontroller, this simple 
project lets you convert the analogue 
instruments in your car to a digital display. It’s 
suitable for use with fuel gauges, oil pressure 
gauges and temperature gauges, and even 
features an alarm output. 


Pt.1: By JOHN CLARKE 


OST cars have analogue read- 

outs for displaying fuel level 
and engine temperature. Similarly, 
the oil pressure is either shown on an 
analogue gauge or more commonly, 
there’s no gauge and just an “idiot” 
warning light instead. 

Of course, there’s nothing wrong 
with analogue gauges — it’s just that 
some drivers would rather have these 
outputs displayed in digital format 
instead. 


18 


That’s where this Digital Instrument 
Display comes in — it’s designed to 
operate with any sensor or sender unit 
which varies its resistance or voltage 
signal output and display the result 
on a 3-digit LED readout. Basically, 
it’s ideal for use with sender units that 
have relatively slow changing values; 
eg, as found in fuel level, oil pressure 
and temperature gauges. 

In operation, the unit can be cali- 
brated so that the display will show 


any value in the range from -99 through 
to 999. The decimal point can also be 
placed in one of two positions, so that 
the values can be from -.99 to 9.99 or 
from -9.9 to 99.9. In addition, the unit 
can be calibrated to display metric or 
imperial units. 

Alternatively, the values do not 
need to relate to any particular unit 
and could refer to percentages instead 
— eg, 100% for full. 

Of course, fuel and temperature gaug- 
es don’t usually show precise values. 
Instead, they give a general indication 
of how things are going — eg, remaining 
fuel level somewhere between full and 
half-empty, or temperature midway 
between hot and cold. By contrast, you 
can calibrate this digital display unit 
to show the actual values — eg, fuel 
remaining in litres (or gallons if you 
prefer) or engine temperature in °C or 
°F, or some other function. 

In practice, the Digital Instrument 
Display is calibrated at two values 
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and the instrument calculates the re- 
maining values from these in a linear 
fashion. For example, if the unit is to 
be used as a fuel gauge, it is best cali- 
brated when the fuel tank is full (eg, 55 
litres fuel) and then calibrated when 
the tank is close to empty (eg, 10 litres). 
The display will then subsequently be 
able to show the remaining fuel in the 
tank (in litres) over the complete range 
from full to empty. 


Alarm output 


An alarm output is available to warn 
of impending “doom”. For example, it 
could be set to trigger an alarm when 
the fuel tank approaches empty. Alter- 
natively, it could be used to alert the 
driver if the engine is overheating or 
if the oil pressure is too low. 

In operation, the unit is set up to trig- 
ger the alarm when the display reading 
goes above or below a particular value. 
Under alarm conditions, the righthand 
decimal point lights as a visual indica- 
tion. In addition, the alarm output can 
also drive a low-current piezo siren if 
an audible indication is required or 
it can be used to trigger an external 
relay-driver circuit. 


Presentation 

The unit is housed in a small plas- 
tic case, with the display showing 
through a transparent red Perspex or 
acrylic window. 

There are no user controls on the 
front panel. Instead, the three calibra- 
tion switches (Mode, Up and Down) 
are hidden behind the front panel as 
they are not needed once the unit has 
been calibrated. 


Different modes 

The Mode switch is used to display 
the calibration values. On the first 
press, the display initially goes blank 
and then shows the first calibration 
value. This value is initially set at “0” 
and can be changed to any number 
up to 999 (disregarding the decimal 
point) using the on-board Up and 
Down switches. 

Pressing the Mode switch again then 
brings up the second calibration value. 
This is initially set at 100 but again can 
be set to any number from 0-999 using 
the Up and Down switches. 

Similarly, pressing the Mode switch 
a third time brings up the alarm value 
and once more, this is adjusted using 
the Up and Down switches. The sense 
of the alarm can also be set — ie, so 
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Suitable for connection to variable resistance or voltage output sensors. 


@ Programmable display values; shows readout on a 3-digit LED display. 


@ Alarm output signal with visual alarm output indication at righthand 


decimal point. 


Adjustable alarm level. 


Can be set to alarm either above or below set value (optional). 


Displays values from 999 maximum to -99 minimum. 


Decimal point selection at x.xx or xx.x position (optional). 


Automatic display dimming in low light levels. 


2-second display update period. 


that it is either on for values above 
the alarm setting (and off for values 
below this) or on for values below the 
alarm setting. 

The required alarm sense is selected 
at power up. Pressing the Mode switch 
when power is first applied will keep 
the display blank and upon release the 
display will show either AL or AL-. 
An “AL” display indicates that the 
alarm will be on for values above the 
alarm value and off for values below 
the alarm value. 

Conversely, an “AL-” display in- 
dicates that the alarm will be off for 
values over the alarm setting and on 
for values below this. 

To change from one to the other, 
you simply switch off the power and 
then hold down the Mode switch and 
apply power again. The display will 
now show the alternative setting when 
the switch is released. 

Returning now to the normal Mode 
switch operation, the fourth press of 
this button displays the actual meas- 
ured value of the voltage applied to 
the input of the unit. This is to allow 
the unit to be set up correctly — ie, it 
allows you to ensure that the applied 
input voltage is within the permis- 
sible range. 

The fifth pressing of the Mode 
switch brings up three dashes (- - -) 
for a short period, after which the unit 
returns to the “normal” display mode. 
In this mode, it displays the calculated 
value, which is based on the input 
voltage and calibration values. In this 
mode, the alarm LED will either be lit 
or unlit, depending on the alarm set- 
ting and the input signal level. 


In summary, at power up, the dis- 
play is in its normal mode. Repeatedly 
pressing the Mode switch then brings 
up the following modes: 1 — First Cali- 
bration Value; 2 — Second Calibration 
Value; 3— Alarm Threshold; 4 — Meas- 
ured Input Level; and 5 — Normal Mode 
again. Modes 1-4 are all indicated with 
a flashing alarm LED. 


Circuit details 


Fig.1 shows the circuit for the Digital 
Instrument Display. It’s dominated by 
IC1, a PIC16F84-10P microcontroller. 
This monitors the input signal volt- 
age via comparator stage IC2a, proc- 
esses the information and drives the 
three 7-segment LED displays (DISP1 
— DISP3). 

OK, let’s start with the input sens- 
ing circuit. In operation, the incoming 
analogue signal from the sensor (or 
sender) is filtered using a 10kQ resis- 
tor and 100uF capacitor and fed to pin 
2 of comparator stage IC2a. Note that 
provision has been made for a pullup 
resistor directly at the input, since this 
will be necessary with some sensors. 
Similarly, resistor R2 can be used to 
attenuate the input signal if necessary 
(more on this later). 

In operation, IC2a compares the 
voltage on its pin 2 input with a DC 
voltage on its pin 3 input. This DC 
voltage is derived by applying a pulse- 
width modulated (PWM) square-wave 
signal from the RA3 output of IC1 toa 
390nF capacitor via a 200kQ resistor 
and trimpot VR2. 

As a result, pin 1 of IC2a switches 
low whenever the voltage on its pin 2 
input is greater than the voltage on pin 
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Parts List 


1 Microcontroller PC board, code 
571, available from the EPE 
PCB Service, 78 x 50mm 

1 Display PC board, code 572, 
available from the EPE PCB 
Service, 78 x 50mm 

1 front panel label 80 x 53mm 

1 plastic utility case 
measuring 83 x 54 x 30mm 

1 Perspex or Acrylic transparent 
red sheet, 56 x 20 x 3mm 

1 10MHz parallel resonant crystal 
(X1) 

1 LDR 

3 SPST micro tactile switches 

5 PC stakes 

3 7-way pin header launchers 

1 DIP18 socket for IC1 

2 DIP 14 low cost IC sockets with 
wiper contacts (cut for 3 x 7- 
way single in-line sockets) 


Screws & spacers 

1 9mm long x 3mm ID untapped 
brass spacer 

1 10mm long x 3mm ID tapped 
Nylon spacer (can be made 
from 2 x 6mm spacers with 
one cut to 4mm) 

2 6mm long M3 tapped Nylon 
spacers 

2 M3 x 6mm screws 

1 M3 x 15mm brass screw 

1 M3 x 15mm Nylon screw 


Wire & cable 

1 300mm length of 0.7mm tinned 
copper wire 

1 2m length of red automotive wire 

1 2m length of yellow automotive 
wire 

1 2m length of black or green 
automotive wire (ground wire) 


Semiconductors 
1 PIC16F84-10P or PIC16F84-20P 


3. This signal is then fed via a 3-3kQ 
limiting resistor to the RBO input of 
IC1. This resistor limits the current 
from IC2a when its output switches 
high to a nominal 12V, while internal 
clamp diodes at RBO limit the voltage 
on this pin to 5-5V. 


A-D converter 

Among other things, IC1 functions 
as an analogue-to-digital (A-D) con- 
verter. In operation, it converts the 
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microcontroller programmed 
with INSTRUM.HEX, available 
for download from the EPE 
website at www.epemag.co.uk 
(IC1) 

1 LM358 dual op amp (IC 2) 

1 7805 5V 1A 3-terminal regulator 
(REG1) 

3 BC327 PNP transistors 
(Q1-Q3) 

1 BC547 NPN transistor (Q4) 

2 BC337 NPN transistors 
(Q5,Q6) 

3 HDSP5301, LTS542A common 
anode 7-segment LED 
displays (DISP1-DISP3) 

1 3mm red LED (LED1) 

1 LM336-2.5 reference diode 
(REF1) 

1 16V 1W Zener diode (ZD1) 

4 1N914 switching diodes 
(D1-D4) 


Capacitors 

2 100uF 16V PC electrolytic 

3 10uF 16V PC electrolytic 

1 390nF (0-39uF) MKT 
polyester 

2 100nF (0-1uF) MKT polyester 

2 18pF ceramic 


Trimpots 

1 20kQ horizontal trimpot (VR1) 

1 250kQ horizontal trimpot 
(VR2) 

1 500kQ horizontal trimpot (VR3) 


Resistors (0-25W, 1%) 

1 1MQ 1 1kQ 0.5W 
1 200kQ 3 680 

7 10kQ 10 150Q 

2 3-3kQ 110Q 1W 


Miscellaneous 
Automotive connectors, heat- 
shrink tubing, cable ties, etc. 


comparator signal on its RBO (pin 
6) input to a digital value which is 
then used to drive the 3-digit LED 
display. 

The A-D converter used here oper- 
ates by using a series of successive 
approximations and involves just 
two external connections to IC1. As 
mentioned earlier, IC1 produces a 
PWM signal at its RA3 output and 
this operates at 4-882kHz with a wide- 
ranging duty cycle. Note that a high 


output from RA3 is at 5V while a low 
output is at OV. 

The RC network on RA3 filters this 
PWM waveform to derive a DC volt- 
age that is the average of the PWM 
waveform. This means that ifthe duty 
cycle is 50% (ie, a square wave), the 
average at RA3 will be 50% of 5V or 
2-5V. Varying the duty-cycle either 
side of 50% produces higher or lower 
DC voltages accordingly. 

Operation of the A-D converter is as 
follows: initially, the RA3 output is set 
to a 50% duty cycle and this sets the 
voltage at pin 3 of IC2a at 2-5V. At the 
same time, an 8-bit register inside IC1 
has its most significant bit set high so 
that its value will be 10000000. 

During this process, the compara- 
tor’s output is monitored by IC1’s RBO 
input. Ifthe measured voltage is lower 
than 2-5V, IC2a’s output is high and the 
PWM output at RA3 is reduced to a 
25% duty cycle to produce an average 
of 1-25V. The internal register is now 
set to 01000000. 

Alternatively, if the measured volt- 
age is above 2-5V, corresponding to 
a low comparator output, the RA3 
output is increased to a 75% duty 
cycle to provide an average of 3-75V. 
The register is thus set to 11000000, 
with the most significant bit indicat- 
ing a 2-5V 50% duty cycle and the 
next bit indicating the 1-25V 25% 
duty cycle (adding the two bits gives 
us the 3-75V). 

The comparator output is again 
checked, after which the microcon- 
troller adds or subtracts a 12-5% duty 
cycle (0-625V) and compares this 
against the input voltage again. The 
register is then set to X1100000 (with 
X a1 or 0 as determined by the previ- 
ous operation) if the input voltage is 
higher than the PWM waveform. 

Conversely, if the input voltage is 
lower than the PWM voltage, the reg- 
ister is set to XO100000. 

This process continues for eight cy- 
cles, the microcontroller progressively 
adding or subtracting smaller amounts 
of voltage (ie, 0-312V, 0-156V, 0-078V, 
0-039V and 0-0195V) and the lower 
bits in the 8-bit register being either 
set to a “1” or a “O” to obtain an 8-bit 
A-D conversion. 

Further resolution is obtained by 
altering the counter that’s used to 
generate the PWM output. By adding 
or subtracting a number to the count, 
we can alter the filtered PWM signal 
by a small amount — corresponding to 
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7-WAY SIL HEADER 
ee BOARD 


7-WAY SIL HEADER 
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7-WAY SIL HEADER 
(UNDER BOARD) 


7-WAY SIL SOCKET 


7-WAY SIL SOCKET 


5 WAY SIL SOCKET 


* SEE TEXT 


Fig.2: install the parts on the PC boards as shown here . In particular, 
be sure to install the 7-segment LED displays with their decimal points 
at bottom right and take care not to get the transistor types mixed up. 


9-76mV, 4-88mV and 2-:44mV — so that 
we obtain an 11-bit A-D conversion. 

The A-D conversion thus has a reso- 
lution of around 2-44mV at the least 
significant bit. The possible number 
of values for the 11-bit register is 
from 00000000000 (0) to 11111111111 
(2047). 

In practice, we are limited to a 
range from about 152 to 1848 be- 


C) 
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C) 
| 
C) 
C) 
C) 
C) 
C) 


-=-oWo-7-nMN=A = 


22 


cause the software must have time 
for internal processing to produce 
the waveform at the RA3 output. 
This means that the input signal can 
only be measured over a particular 
range of voltage corresponding to the 
152 minimum count and the 1848 
maximum count. 

This corresponds to about 373mV 
minimum and 4-5V maximum. 


4-Band Code (1%) 

brown black green brown 
red black yellow brown 
brown black orange brown 
orange orange red brown 
brown black red brown 
blue grey brown brown 
brown green brown brown 
brown black black brown 


Value uF Code ElACode IEC Code 


390nF 0.39uUF 
100nF 0.1uF 
18pF 18pF 


394 
104 
18 


390n 
100n 
18p 


However, it’s quite common for 
automotive sensors to produce signals 
all the way down to OV, so we need 
to cater for this type of sensor. That’s 
done by applying a negative voltage 
to pin 3 of IC2a, to offset the 375mV 
minimum from the A-D converter. 

This offset voltage is derived from 
voltage reference REF1, diodes D1 & 
D2 and transistor Q6 and its associated 
components. 

Q6 is driven by the RAO output of 
IC1. When the RAO output is low, Q6 is 
off and capacitor C1 charges via a 1kQ 
resistor (which connects to the 12V 
supply) and via diode D1. When the 
RAO output subsequently goes high, 
Q6 turns on and connects the positive 
side of C1 to ground. As a result, the 
other end of C1 goes negative and this 
charges capacitor C2 via diode D2. 

C1 is again charged when Q6 turns 
off, while D2 now becomes reverse 
biased and prevents C2 from discharg- 
ing via this path. Instead, the negative 
voltage across C2 is applied to voltage 
reference diode REF1 via a 3-3kQ resis- 
tor to produce a fixed -2-49V reference 
voltage, This voltage is then applied to 
pin 3 of IC2a via VR1, a 10kQ resistor 
and a 1MQ resistor (R3). 

In practice, VR1 is adjusted so 
that the applied voltage offsets the 
390mV minimum output from the 
A-D converter. 


LED displays 
The 7-segment display data from 
IC1 appears at outputs RB1-RB7 and 


5-Band Code (1%) 

brown black black yellow brown 
red black black orange brown 
brown black black red brown 
orange orange black brown brown 
brown black black brown brown 
blue grey black black brown 
brown green black black brown 
brown black black gold brown 
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these directly drive the cathodes of 
the three LED displays (DISP1-3) via 
150Q current limiting resistors. Note 
that the segments common to each 
display are connected together — ie, the 
“a” segment cathodes are all connected 
together, as are the “b” segments and 
so on. 

The displays are driven in multiplex 
fashion, with IC1 switching its RAO 
& RA1 lines low in sequence to drive 
transistors Ql & Q2. For example, 
when RAO goes low, Q1 turns on and 
applies power to the common anode 
connection of DISP1. Any low outputs 
on RB1 — RB7 will thus light the cor- 
responding segments of that display. 

After this display has been on for 
a short time, the RAO output is taken 
high and DISP1 turns off. The 7-seg- 
ment data on RB1-RB7 is then updated, 
after which RA1 goes low to drive Q2 
and display DISP2. 

Transistor Q3, which switches pow- 
er to DISP3, is driven in a different 
manner to Q1 & Q2. This transistor 
is off when either RAO or RA1 is low 
(ie, if one of the other displays is on). 
That’s because a low on RAO or RA1 
holds LED1’s anode low (ie, at 0-6V) 
via either diode D4 or D3. As a result, 
LED1 cannot conduct and so Q4 is 
off. 

However, when RAO and RA1 are 
both high, D4 and D3 are reverse bi- 
ased and Q4’s base is pulled high via 
the 10kQ resistor on LED1’s anode. 
This turns Q4 on which in turn pulls 
Q3’s base low via a 6802 resistor. And 
that, in turn, turns Q3 on and lights 
display DISP3. 

Ofcourse, in practice, DISP1, DISP2 
& DISP3 are switched on and off at a 
very fast rate, so that they appear to be 
continuously lit. 

Finally, note that the decimal point 
(pin 5) of DISP3 is connected to IC1’s 
RA2 output. RA2 is the alarm output 
and it normally switches low and 
turns on DP3 under alarm condi- 
tions. It can also be used to activate 
a low-current piezo siren which has 
its other side connected to the +5V 
rail. 


Display dimming 

Op amp IC2b is used to control the 
display brightness. This stage is wired 
as a unity gain amplifier and drives 
transistor buffer stage Q5 which is 
inside the negative feedback loop. 

Light dependent resistor LDR1 
varies the voltage on pin 5 of IC2b 
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The display board (shown in the case at top) plugs directly into the pin header 
sockets on the processor board (above), eliminating wiring connections between 
the two. Notice how the electrolytic capacitors on the two boards are bent over 
(see text), to prevent them fouling other parts. 


according to the ambient light level. 
In daylight, the voltage on pin 5 (and 
thus on pin 7) is close to +5V because 
the resistance of the LDR is low. This 
means that Q5’s emitter will also be 
close to +5V and so virtually the full 
supply rail is applied to the emitters 
of transistors Q1-Q3 and the displays 
operate at full brightness. 

As the ambient light falls, the LDR’s 
resistance increases and so the voltage 
on pin 5 of IC2b decreases. And when 
it’s completely dark, the voltage on 
pin 5 is determined by the setting of 
trimpot VR3 which sets the minimum 
brightness level. As before, the voltage 
on pin 5 appears at Q4’s emitter and 


so the displays operate with reduced 
brightness. 


Mode switches 

Switches S1-S3 are all monitored 
using the RA4 input which is normally 
at 5V due to a 10kQ pullup resistor. 
The other sides of S1 and S2 are con- 
nected to the RAO and RA1 outputs 
respectively, while S3 connects to 
Q4’s collector. 

This means that pressing S1 will 
pull RA4 low when RAO is low. Simi- 
larly, S2 can pull RA4 low when RA1 
is low, while S3 can pull RA4 low 
when both RAO and RA1 are high. 
As a result, the microcontroller can 
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The pin headers are installed on the track side of the display board using a fine- 
tipped soldering iron. Note that it will be necessary to slide the plastic spacers 
along the leads to allow room for soldering. 


—— PARA LIGHT ™ papa 1¢ 
A-S2lH 


This view shows how the two boards are stacked together in “piggyback” 


A-521H 


fashion to make a compact assembly. Make sure that none of the parts on the 
processor board contact the back of the display board. 


determine which switch has been 
pressed when RA4 goes low, by check- 
ing the status of both RAO and RA1. 

Clock signals for IC1 are provided 
by an internal oscillator circuit which 
operates with crystal X1 (10MHz) and 
two 18pF capacitors. The two capaci- 
tors provide the correct loading for the 
crystal and ensure that the oscillator 
starts reliably. 

The crystal frequency is divided 
down internally to produce clock sig- 
nals for the microcontroller operation 
and for the display multiplexing. 


Power 

Power for the circuit is derived from 
the vehicle’s ignition supply line. A 
10Q 1W resistor and a 100uF capacitor 
decouple this supply line, while 16V 
Zener diode ZD1 protects the circuit 
against transient voltage spikes. 
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The decoupled ignition supply is 
then fed to regulator REG1 which 
provides a +5V rail. This rail is then 
used to power the microcontroller and 
display circuitry, while IC2 and Q6 are 
powered directly from the decoupled 
ignition supply (+12V). 

That completes the circuit descrip- 
tion. Of course, most of the clever stuff 
takes place inside the PIC microcon- 
troller under software control. You can 
purchase a pre-programmed PIC from 
Magenta Electronics or download the 
source code (instrum.asm) from the 
EPE website if you want to figure out 
how it works. The source code is fully 
commented, so you shouldn’t have too 
much trouble. 


Construction 


All the parts are mounted on two 
PC boards: (1) a microcontroller board 


coded 571, and (2) a display PC board 
coded 572. These boards are stacked 
together using pin headers and sock- 
ets to make the interconnections, so 
there’s no external wiring (apart from 
the power supply and sensor connec- 
tions). 

Fig.2 shows the assembly details. 
Begin by checking the PC boards for 
shorts between tracks and possible 
breaks and undrilled holes. That 
done, install all the wire links on both 
boards. It is important that these be 
installed now, as other parts mount 
over the top of some of the links. 

You can now concentrate on build- 
ing the microcontroller board. Begin 
by installing all the resistors using 
Table 1 as a guide to determining the 
correct values. It’s also a good idea to 
check them using a digital multimeter, 
just to make sure. 

Note that some of the resistors 
including the 7 x 150 units at top 
right, are mounted end-on to save 
space. Leave out R1 and R2 for the 
time being but be sure to install R3 
(1MQ) as shown. 

Next, install a socket for IC1 (taking 
care with its orientation), then install 
IC2, Zener diode ZD1 and diodes D3 & 
D4. That done, install REG1 by bend- 
ing its leads down by 90° so that its 
metal tab sits flat against the PC board. 
Make sure that the hole in the metal tab 
lines up with the hole in the PC board 
before soldering the leads. 

Trimpots VR2 & VR3 can go in next 
(don’t get them mixed up), followed 
by the capacitors. Note that the two 
electrolytic capacitors near the regu- 
lator must be mounted so that their 
bodies lie flat against REG1’s leads (see 
photo). Similarly, the 100,1F capacitor 
near VR2 must be mounted so that it 
lies between the adjacent 200kQ and 
680Q resistors (see photo). 

In practice, this simply involves 
bending the capacitor leads down 
by 90° before installing them on the 
board. Note that the two electrolytic 
capacitors near REG1 are oriented in 
opposite directions. 

Next, install three PC stakes at the 
external wiring points, then install the 
transistors. Q1 — Q3 are all BC327s 
(PNP), while Q5 is a BC337 NPN type 
so don’t get it mixed up with the oth- 
ers. The remaining transistor on this 
board (Q4) is a BC547. 

Crystal X1 also mounts horizontally 
on the PC board. It is secured by sol- 
dering a short length of tinned copper 
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wire between the end of its metal case 
and an adjacent PC pad. 

Finally, the three 7-way in-line 
sockets can be fitted. These are made 
by cutting two 14-pin IC sockets into 
single in-line strips using a sharp knife 
or a fine-toothed hacksaw. Clean up the 
rough edges with a file before installing 
them on the microcontroller board. 


Display board 

Now for the display board. The wire 
links should already be in place but if 
not, install them now, followed by the 
resistors, diodes and trimpot VR1. At 
this stage, you can also decide if you 
want the decimal point showing. In- 
stall R4 if the display is to show x.xx, 
or R5 if the display is to show xx.x 
instead. Alternatively, do not install 
either resistor if the decimal point is 
not required. 

Next, install the three 7-segment 
LED displays with their decimal points 
at bottom right. REF1, Q6 (BC337) and 
the two electrolytic capacitors can 
then be installed. As before, the two 
electrolytics are installed so that their 
bodies lie fat against the PC board. 

The LDR is mounted so that its top 
face is about 3mm above the displays 
(it can go in either way). Install it now, 
followed by the three pushbutton 
switches. 

Finally, complete the display board 
assembly by installing the pin head- 
ers. These are installed from the cop- 
per side of the board, with their pins 
protruding about 1mm above the top 
surface. 

You will need a fine-tipped iron to 
solder these pin headers. Note that 
you will also have to slide the plastic 
spacers along the pins to give sufficient 
room for soldering. 


Preparing the case 


Work can now begin on the plastic 
case. First, use a sharp chisel to remove 
the integral side pillars, then slide the 
microcontroller board in place and use 
it as a template to drill two mounting 
holes in the base — one through the 
hole in REG1’s tab and the other im- 
mediately to the left of R3. 

In addition, you will have to drill a 
hole in the back of the case to accept 
the power leads, plus an extra hole for 
the input signal lead. 

Once that’s done, plug the display 
board into the microcontroller board 
and secure them together using ma- 
chine screws and spacers as shown 
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Fig.3: follow this diagram when stacking the boards together and be sure 


to use plastic spacers where indicated. 


in Fig.3. Check that the leads from 
the parts on the display board do not 
interfere with any parts on the micro- 
controller PC board. If necessary, trim 
the leads of the display board parts to 
prevent this. 

The front panel artwork (to be pub- 
lished next month) can now be used as 
a template for marking out the display 
cutout and the position of the hole for 
the LDR. That done, drill the LDR hole 
and drill a series of closely-space holes 
around the inside perimeter of the 
rectangle for the display cutout. 

The centre-piece can then be knock- 
ed out and the job filed to a smooth 
finish. 

Be sure to make the cutout just 
large enough, so that the red Perspex 
or acrylic window is a tight fit. This 
window can then be further secured by 
applying several small dabs of super 
glue along the inside edges. 


Testing 


It is best to check the power supply 
before plugging the microcontroller IC 
into its socket. 

To do this, first unplug the display 
board and put it to one side. That done, 
connect the +12V and GND leads to the 
microcontroller board, apply power 
and use a multimeter to check that 
there is +5V on pins 4 & 14 of IC1’s 
socket (use REG1’s metal tab for the 
GND connection). 

If this is correct, disconnect power 
and insert IC1 in place, ensuring that 
itis oriented correctly. That done, plug 
the display board back in and apply 
power with the input lead connected 
to ground. The display should light 
and show three dashes (- - -). 

After about two seconds, the display 
should then show a number. Our pro- 
totype showed -4, but this will depend 


on the settings of VR1 and VR2. 

Now press the Mode switch — the 
display should now show “0” and the 
alarm LED should flash. Pressing the 
Mode switch again should now cause 
the display to show “100”. Press it 
again and the display should show 50, 
while the fourth press should bring up 
the current input reading. 

Our prototype showed 97 but this 
will again depend on the settings for 
VR1 and VR2. 

Now test the dimming feature by 
holding your finger over the LDR. Ad- 
just VR3 until the display dims. Note: 
this trimpot is best adjusted in the dark 
to set the minimum brightness. 

Finally, check that there is -2-5V at 
the negative terminal of voltage refer- 
ence REF1. Note, however, that this 
voltage could vary from this value by 
about 200mV due to tolerances in the 
reference. 


Next month 

That’s all we have space for this 
month. In Pt.2 next month, we will 
describe how to connect different 
sensors to the unit and describe the 
calibration procedure for these various 
sensors. EPE 
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We Bu O-TALK MARK NELSON 


THE MEMORY LINGERS ON 


Do you ever wonder how some electronic and electrical manufacturers got their 
name? If so, join Mark Nelson on a ramble down Memory Lane. 


“ma ERRANTI, Plessey legacy fuels analogue 

start ups.” That was the intriguing head- 

line of an article in the trade paper Electronics 

Weekly recently and I had to read on to find 
out what it was all about. 

The story in fact concerned the burgeoning 
number of new British start-up companies 
specialising in analogue, rather than digital, 
integrated circuits. It quoted Hans Rohrer, 
head of analogue chips company Zetex, say- 
ing “There’s more analogue talent in the UK 
than in other regions because of Marconi, 
Ferranti and Plessey. The good old Ferranti 
and Plessey bipolar processes can go down to 
voltage levels you can’t do with CMOS. 
Europe has more bipolar designs than the rest 
of the world put together.” 


Fraud Leads To Bankruptcy 
It’s nice to know that Britain still excels in 
something but where did Ferranti, Marconi, 
Plessey and all the other grand old electronics 
companies go? Ferranti’s semiconductors 
division became Zetex Semiconductors, the 
company from which Mr Rohrer in fact hails. 
Fortunately for Zetex, it parted from the 
rest of the Ferranti dynasty before the main 
company became embroiled in a disastrous 
takeover that in 1993 ended in bankruptcy. 
The surviving divisions either became inde- 
pendent companies or were taken over by 
GEC-Marconi. A breakaway company, 
Dennis Ferranti Meters, which made tele- 
phones for British Telecoms, had split off 
already in 1951 and is still going strong. 
GEC and Marconi merged in 1968. 
Marconi Electronic Systems, later GEC- 
Marconi, was the defence arm of GEC and 
was sold to British Aerospace in 1999 to 
become BAe Systems, whilst GEC itself was 
renamed Marconi plc the same year. The 
majority of the business was sold to Swedish 
Ericsson in January of this year, with the 
remainder taking the new name of Telent. 
Incidentally, there was never any connection 
between the British GEC and General 
Electric of America, despite the similarity of 
their trademarks; the British firm was found- 
ed several years before the US corporation. 


Unhappy Merger 

Plessey and GEC became embroiled in 
rival takeover bids in the 1980s, resulting in 
an unhappy merger called GEC-Plessey 
Telecommunications (GPT) that seemingly 
managed to perform worse than either of the 
partners’ previous incarnations. Somehow or 
other Plessey South Africa stayed out of the 
fray and a few years ago launched its products 
on the UK market, complete with the old 
Plessey oscilloscope trace “twiddle”. Since 
then, however, it has changed its name to the 
less alluring Tellumat. 
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What’s In A Name? 


But where did these names come from? 
Marconi and Ferranti are straightforward 
Italian surnames, whilst Plessey was both the 
name of an original shareholder, Plessey 
Parker, and also the home village of the 
founder’s wife. 

Other trade names are more complex, 
however. You may well remember the name 
Pifco but be unaware that it was established 
in Manchester in 1900 as the Provincial 
Incandescent Fittings Company. Unless you 
have a long memory for old advertisements, 
you will probably not recall that soldering 
iron manufacturer Antex was originally the 
Anglo-Netherlands Technical Exchange. 

Exide was the trade name of The Electric 
Storage Battery Company and was introduced 
in 1900, short for “Excellent Oxide’. Vidor, 
another battery company, was run by a Mr 
Thomas Cole and folklore has it that he 
named the product after his daughters Violet 
and Doris. It appears, however, that the 
daughters were actually called Valerie and 
Denise, with the ‘R’ coming from the name of 
his wife Rebecca. 


Disputed Provenance 

Another name with a disputed provenance 
is AMPEX, famous over several decades for 
tapes and tape recorders. What is not in doubt 
is that AMP are the initials of its founder, 
Alexander Michael Poniatoff. For the EX you 
can take your pick, as some say it stands for 
excellent whilst others argue in favour of 
experimental. 

The AMP in AMP connectors has a differ- 
ent origin. Today the brand is part of the giant 
Tyco Electronics conglomerate but when 
founded in 1941 it was known as Aero- 
Marine Products. 

Another connector maker, Amphenol, was 
the American Phenolic Corporation, phenol 
being used for the Bakelite shells of many of 
their products. 

Abbreviations feature in the names of 
many electronic connector designs and from 
Europe we have DIN and SCART, both 
named after the committees that designed 
them. DIN is the Deutsche Industrie 
Normenausschuss (German Industrial 
Standards Committee), whilst SCART or 
Peritel connectors recalls Syndicat des 
Constructeurs d’Appareils de Radio et de 
Télévision (Radio and Television Equipment 
Manufacturers’ Association). 


Coaxial Connectordom 

Coaxial connectors have names that are 
shorter but no less abstruse. The UHF con- 
nector once widely used by CB and amateur 
radio enthusiasts is also known as an F&E, in 


Europe as a PL-type and in Japan as an M- 
type. The name UHF is confusing as it recalls 
the connector’s wartime radar use at ultra 
high frequencies, whilst F&E (Films and 
Equipment Ltd) made many kinds of connec- 
tor, not just this one (they later became 
Cannon UK Ltd, by the way). 

The N connector is the Neill or Navy type, 
originated in 1942 by Paul Neill of Bell Labs 
and standardised on a Navy Bureau of Ships 
drawing. C-type connectors recall the name 
of developer Carl Concelman of Amphenol. 
Mix the two and you get BNC, standing for 
Baby (or Bayonet) Neill Concelman. This 
was a baby-size combination of the designs of 
Neill and Concelman. 

EIAJ connectors were devised by the 
Electronics Industry Association of Japan, 
whilst MUSA plugs, still used in television 
studios, recall those originally used for rapid 
changing of antenna feeders on a pre-war 
transatlantic radiotelephone project, the 
Multiple Unit Steerable Array. Not many peo- 
ple know that! 


Generic Terms 

Tannoy is effectively a generic name for 
any kind of public address equipment but its 
makers entered this business entirely by acci- 
dent. Originally they produced mains power 
supplies for battery radio sets. A special tan- 
talum alloy was used as the rectifier, hence 
the trade name. 

You can probably guess what kind of prod- 
uct The Automatic Coilwinder Company 
made but when they introduced a new multi- 
meter that measured amps, volts and ohms all 
with the same instrument, they coined the slo- 
gan AVO. The rest is history and for some 
people any make of multimeter is an “AVO” 
to them. 


Export Variants 

Some products assumed different names 
when produced for export. British audio 
valves made by GEC were called Genalex 
in the USA and Ever Ready batteries sold 
outside the United Kingdom took on the 
name BEREC (standing for British Ever 
Ready Company). In both cases this was to 
avoid confusion with names already estab- 
lished overseas by the American General 
Electric and Eveready (one word, not 
two!) companies. Presumably to avoid 
similar kinds of confusion European-made 
Philips products were sold in the USA as 
Norelco. 

Do I detect your eyes glazing over with 
boredom? Should I stop now? Yes, because 
I’ve nearly overshot the word count for this 
page. But if you know the origins of any other 
names (or think I’ve got any of these wrong), 
please write or email and tell us! 
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INTERFACE 


Robert Penfold 


PC INTERFACING SOFTWARE 


N this month’s Jnterface article we will 

consider the software side of PC interfac- 
ing, which is something that seems to be 
problematic for many readers. 

Matters were easier in the days of the 
GW BASIC and Q BASIC interpreters. 
One or other of these was supplied as 
part of the MS-DOS operating system, 
and they provided a simple but reason- 
ably effective way of writing programs for 
use with PC electronic projects. The 
Quick BASIC compiler was available at 
reasonably low cost, and enabled faster 
stand-alone programs to be compiled. 

Things became more difficult when MS- 
DOS became obsolete, because Windows 
95 and later versions of Windows were not 
supplied with any form of BASIC. It was 
necessary to buy a programming language 
such as Visual BASIC. On the face of it, 
Visual BASIC is ideal for writing the soft- 
ware for do-it-yourself computer projects. 
The visual approach makes it easy to pro- 
duce good virtual controls, meters, or what- 
ever. The standard BASIC functions, 
arrays, and so on are still there, making it 
fairly straightforward to manipulate data. 

The problem with Visual BASIC is that it 
has no built-in means of directly accessing 
the ports. In GW/Q BASIC this was han- 
dled by the INP and OUT instructions, as it 
is in many other computer languages. This 
shortcoming was solved by Jan Axelson’s 
excellent Inpout32.dll, which is suitable 
for use with Windows 95/98/ME. This is 
still available at no cost from Jan’s web site 
(www.lvr.com). 

Another version of Inpout32.dll is also 
available from the Logix4u web site 
(www.logix4u.net/inpout32.htm), and this 
works with versions of Windows up to 
Windows XP. This site also has a 64-bit 
version for use with 64-bit versions of 
Windows. 

Details of using Inpout32.dll have been 
provided several times before in Interface 
articles, and the same ground will not be 
covered again here. Anyway, both versions 
are supplied complete with instructions, 
and further information is provided on the 
relevant web sites. 


Progress? 

Visual BASIC 6 plus an add-on to enable 
it to control the ports is just about the ideal 
combination for writing software for PC 
projects. Unfortunately, things move on 
and Visual BASIC 6 was superseded by 
Visual BASIC Net, which was a much 
more powerful program than its predeces- 
sor, but was not well suited to writing rela- 
tively simple programs, which had always 
been one of Visual BASIC’s selling points. 
In fact, the new version did not seem to be 
well suited to most of the areas of pro- 
gramming where its predecessor had 
excelled. 
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Microsoft responded to the widespread 
criticism of Visual BASIC Net by develop- 
ing a new version, aided by feedback from 
users. This version is now available in the 
form of Visual BASIC 2005, and there is a 
version for hobbyists called Visual BASIC 
2005 Express Edition. 

It is debatable whether this program is 
really the equal of Visual BASIC 6 for 
applications such as control programs for 
computer hardware projects. It does, how- 
ever, have one huge advantage though, 
which is that it is available as a free down- 
load from the Microsoft web site! 
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A Beta version of 
Visual BASIC 2005 
Express Edition was 
covered in previous 
Interface articles. At 
the time, this was an ; 
interesting freebie, rrr 
but being a beta ver- 
sion it was not totally 
reliable, or even 
complete. The cur- - 
rent version is the 
fully finished prod- 
uct. As such it should 
be fully functional 
and have good reliability. 

One slight drawback is that the size of 
the download is around 450 megabytes. 
With a broadband connection of some kind 
it should only take an hour or two to down- 
load, but it could take more like a day or 
two using a 56k dialup connection. This is 
the page on the Microsoft site that deals 
with the program: 

http://msdn.microsoft.com/vstudio/ex 
press/vb/ 

This page has some general information 
about the program and a link to the down- 
load page. There is a choice of download- 
ing a small setup program which is then 
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used to download and install the main pro- 
gram, or downloading the main program 
itself as an image or ISO file. This file is 
burned to a CD-ROM and then used to 
install the program in the normal fashion. 

The CD-ROM method is probably the 
best approach since it avoids the need to 
download the file again if it should be nec- 
essary to reinstall the program. It also 
makes it easy to install the program on sev- 
eral PCs, which is allowed under the licens- 
ing conditions. 

The program does not really look much 
like Visual BASIC 6 once it has been 


Fig.1. (Left) Initially 
the program looks a 
bit gimmicky, with a 
page that gives the 
latest news about 
Visual BASIC 2005 
Express Edition 


Fig.2. The program has something close to the traditional 
Visual BASIC look once it is properly “up and running” 


installed and run (Fig.1). Assuming there is 
an active Internet connection, the main 
panel provides the latest news about Visual 
BASIC Express Edition. This disappears 
when you start using the program in earnest 
(Fig.2.). 

The Toolbox that gives access to compo- 
nents such as control buttons, labels, etc. is 
conspicuously absent. However, it can be 
activated by selecting Toolbox from the View 
menu. It is then possible to select objects and 
place them on the form in the usual way. 
Adding the Toolbox gives a screen layout 
that is not too far removed from the one tra- 
ditionally used for Visual BASIC. 
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Upgrading 

With the beta version of the Visual 
BASIC Express Edition it was not possible 
to modify a Visual BASIC 6 program by 
loading it directly in the normal way. 
Instead, it was necessary to go through a 
simple conversion process. In Microsoft’s 
terminology the program had to be upgrad- 
ed. This remains the case with the final ver- 
sion of the program. As before, it is just a 
matter of selecting Open Project from the 
file menu, and selecting the appropriate 
file. Trying to open a Visual BASIC 6 pro- 
ject results in the Visual BASIC Upgrade 
Wizard automatically appearing (Fig.3). 


Fig.3. Trying to load a Visual BASIC 6 program results in the 


and recompiling the program cured this prob- 
lem (Fig.5). 

In order to write programs that use 
Inpout32.dll it is not enough to have it 
available to the system. The file with a BAS 
extension that is supplied with 
Inpout32.dll must be loaded into Visual 
BASIC so that the INP and OUT instruc- 
tions are added to its repertoire. 

The problem with the beta version of 
Visual BASIC Express Edition, and the 
final version, is that there is no apparent 
means of loading the BAS file. There is no 
Add File option in any of the menus. An 
Open File option is available in the File 
menu, but this does 
not load the file in 
the correct manner. 
Neither does the Add 
Existing Item in the 
Project menu. 

It is possible to 
work around the 
problem by produc- 
ing a dummy pro- 
gram in Visual 
BASIC 6 that has the 
BAS file loaded, but 
is otherwise empty. 
This file can be 
loaded into Visual 
BASIC 2005 Express 
een Edition and upgraded 
in the usual way. It 
then provides a start- 
ing point that has 
Inpout32.dll_—_pre- 
loaded, with the INP 
and OUT  instruc- 


Upgrade Wizard being launched automatically tions fully opera- 
tional. 
“ DIY Project 
Vit (een!) oe ~ . ante * e* Menu 
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Fig.4. A Visual BASIC 6 program has been successfully 
upgraded and loaded. It can now be modified, debugged, 


saved, compiled, etc 


When upgrading a simple program it is 
likely that the wizard will offer few options, 
if any. However, if given the choice, make 
sure that an EXE project is selected and not 
a DLL type. 

Upgrading a very simple project that used 
Inpout32.dll proved to be successful (Fig.4), 
although there were some warning messages 
added into the code. Strangely, these related 
to the scrollbar and the label components and 
not to Inpout32.dll. The program compiled 
without any problems, and almost ran proper- 
ly. For some reason the label component was 
not always large enough to take the text in a 
single line, causing it to wrap onto a second 
line. Simply making the label a little wider 
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The upgrade 
process seems to add 
a module that makes 
the new commands 
operational. An alter- 
native to the rigma- 
role of the upgrade 
process is to simply 
add this module 
yourself. This is done 
by going to the 
Project menu and 
selecting the Add 
Module option. A 
pop-up window is 
then used to provide a 
name for the new 
module, or the 
default can be accept- 
ed. The following 
code is then entered 
for the module: 


Option Strict Off 
Option Explicit On 
Module inpout 


Public Declare Function Inp Lib 
"jnpout32.dIl"" Alias 'Inp32" (ByVal 
PortAddress As Short) As Short 

Public Declare Sub Out Lib 
"inpout32.dll" Alias "Out32" (ByVal 
PortAddress As Short, ByVal Value As 
Short) 

End Module 


The INP and OUT commands should 
then work correctly provided Inpout32.dll 
is available to the system. If everything is 


all right, the usual hint text will appear 
when you are entering an INP or OUT 
instruction. The hint text will not appear if 
something is not quite right, and the word 
INP or OUT will be underlined to show that 
it has not been recognised. 

The module can be saved by right-clicking 
its tab and selecting the Save option from the 
pop-up menu. It will be saved under whatev- 
er name you used, plus a “vb” extension. In 
order to use the INP and OUT commands in 
the future it is just a matter of starting a new 
project and then adding the module to it. This 
is done by selecting Add Existing Item from 
the Project menu, and using the file browser 
to find and open the correct module file. Do 
not use the Open File option in the File menu. 
This will load the module’s file, but not in a 
way that will produce the desired result. 


Finally 

Visual BASIC Express Edition inevitably 
has some omissions compared to the standard 
product, although it is likely that many of the 
missing facilities would be of little use in the 
current context. It does include a potentially 
very useful SerialPort component, although it 
is something that has been added to Visual 
BASIC a bit late in the day. Serial ports are 
currently being phased out, although many 
PCs still have at least one of them. 

Two regrettable omissions are the Line 
and Shape components of Visual BASIC 6. 
These make it easy to draw on-screen cir- 
cles, lines, and ellipses when producing vir- 
tual meters, switches, rotary controls, and 
so on. They also make it easy to control 
these objects, so that a meter can be made 
to produce the correct reading for example. 
It is still possible to produce these objects 
with Visual BASIC Express Edition, but it 
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Fig.5. With the label component made 
slightly wider, the compiled program 
ran properly 


seems to be a matter of resorting to the old 
fashioned method of normal program code. 
This is usually much slower than using the 
visual method to get the basic elements in 
place, with some “fine tuning” the co-ordi- 
nates then being applied if necessary. 

Anyway, Visual BASIC 2005 Express 
Edition is a step forward from the previous 
free versions of Visual BASIC in that it does 
have the ability to compile programs which 
can then run independently. It is certainly a 
very worthwhile download for those who do 
not already own a full retail version of Visual 
BASIC. It should also be of interest to owners 
of older retail versions of Visual BASIC such 
as versions 5 and 6, although it might not be 
a viable replacement for them. 


Express News 

Delving into the pricing of VB 2005 
Express Edition, it seems that it is free 
provided it is downloaded before the 6th 
November 2006. Thereafter it will cost 
$49 US. Unlike previous low-cost ver- 
sions of VB, it can be used to produce 
commercial software. 
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Do you own a guitar but don’t have 
an overdrive (or distortion or fuzz) 
box yet? Well your prayers have been 
answered! This one sounds great, it’s 
cheap and it’s easy to build! 


By PETER SMITH 


then you’ll certainly know all 

about the various “effects” that can 
be used to enhance guitar sounds. Over 
the years, many great players have 
combined these effects with their own 
unique styles to create unmistakable 
signature sounds. 

Some of the most sought-after 
sounds are produced by deliberate 
harmonic distortion of the music 
content. Originally, this type of ef- 
fect was produced exclusively by 
over-driving the output stage of valve 
amplifiers. 


IE YOU’RE A GUITAR PLAYER, 


About overdrive & distortion 
These days, distortion effects are gen- 
erated by dedicated electronics equip- 
ment. Perhaps in an attempt to capitalise 
on the success of past legends more than 
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anything, much ofthis equipment boasts 
valve-like distortion qualities. 

Valve amplifiers have a reputation 
for soft-clipping the output signal 
when they are overdriven, at least at 
moderate levels. If the signal is a pure 
sinewave, the peaks are simply round- 
ed off, with a certain amount of wave 
shape compression occurring. 

These rounded peaks create pre- 
dominantly lower-order harmon- 
ics. Essentially, this means that the 
harmonics are closely related to the 
fundamentals and therefore tend to 
sound quite natural. Perhaps we could 
say that they “resonate” or “ring” with 
the fundamental tones. 

Harmonics, by the way, are referred 
to as “partials” in the music world. 
They are simply some multiple of the 
original, fundamental frequencies. 


Distortion effects for | 


Once the input to any amplifier is 
increased well beyond its design limit, 
the output signal is either hard clipped 
or transformed into indistinguishable 
noise, depending on the amplifier’s 
overload characteristics. 

Unlike the rounded peaks of a soft- 
clipped waveform, hard clipping is 
characterised by flat, sharp-edged 
waveforms. This is due to the out- 
put stages driving all the way to the 
power supply rails, slicing the peaks 
off and compressing, or “crunching”, 
the signal. 

Hard clipping results in many 
higher-order harmonics of the funda- 
mentals. The resulting sound is often 
described as “reedy”, “rather harsh” 
and “more metallic”. 

A side effect called “intermod- 
ulation distortion” occurs when all 
these harmonics inevitably mix. The 
product of two frequencies is both 
the sum and difference of the origi- 
nals, and they may not necessarily be 
“musically” related to the content. 
Therefore, intermodulation distortion 
is unwanted noise that is quite easily 
detected by the ear. 


Ideal distortion? 

As far as we can discern, there is 
no easy way of generating the ideal 
distortion effect. Why? Primarily 
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because it would be impossible to get 
broad agreement on what that sound 
is. It has more to do with music type, 


personal preference and playing styles 
than the pure technicalities. 

Many commercial distortion effects 
units combine both soft and hard 
clipping and user-accessible controls 
are included to provide adjustment 
between these two extremities, thus 
accommodating a range of music and 
styles. Some also include tone controls 
for increased versatility. 

The EPE “WidgyBox” (like the 
name?) is based on these ideas. The 
design criterion was simple: it had 
to be uncomplicated, low-cost and 
easy to build. We think it will make a 
worthwhile addition to any guitarist’s 
basic effects line-up. 


Reproducing the sound 

Now for the $64,000 question: if 
valve amplifiers already produce the 
desired sound, then why bother trying 
to reproduce it? Why not just use a 
valve amplifier? 

Well for a start, valve amplifiers are 
expensive. In addition, they need to be 
over-driven to produce the effect. This 
means lots of volume, which can obvi- 
ously be a real problem. In the words 
of one disaffected player, “I have good 
tone when I play loud but I get kicked 
out of clubs and bands”. 


_. WIDGYBOX 


Low cost. 
Easy to build. 


Battery-powered. 
Adjustable distortion. 
Three tone controls. 
Optional stomp switch. 


Dedicated effects boxes (also known 
as “effects pedals” and “stomp boxes”) 
address these issues. They create the 
desired effect before the amplifier 
input, allowing the musician to play 
at any volume. They also allow easy 
experimentation for those in search 
of a unique sound. What’s more, 
you don’t need a valve amplifier — a 
(much) cheaper solid-state amplifier 
will suffice! 


How it works 

Fig.1 shows the details of our de- 
sign — it’s based entirely around the 
TLO7x series op amps. Like most ef- 
fects pedals, the circuit is designed 
to connect directly in-line with the 
guitar’s output. 
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Fig.1: the circuit uses three low-cost 
op amps (IC1-IC3) and operates from 
a 9V battery. Schottky diodes D1 & 
D2 provide the soft clipping function, 
while ICib provides hard clipping, 
depending on the setting of VR1. 


A 47uF capacitor AC-couples the 
input to the first op amp stage (IC1a). 
This capacitor is much larger than you 
might expect in order to ensure low 
noise performance. As with all the fol- 
lowing stages, IC1a’s input is biased to 
one-half the supply rail voltage (+ V/2), 
in this case via a 220kQ resistor. The 
1kQ resistor and 10pF capacitor at the 
input act as a low-pass filter, prevent- 
ing RF (radio frequency) signals from 
being coupled into the circuit. 

1C1a is wired in a non-inverting con- 
figuration with a gain of 4.9, as set by 
the 39kQ and 10kQ feedback resistors. 
The 150pF capacitor in the feedback 
path rolls off the frequency response 
above the audio spectrum. 

IC1a’s output appears at pin 1 and is 
coupled via a 2-2uF capacitor to Drive 
pot VR1. This pot controls the signal 
level into the next stage, for reasons 
that will become clearer shortly. 

The signal from the VR1’s wiper is 
in turn AC-coupled to op amp IC1b via 
a 15nF capacitor. This capacitor also 
acts with a 100k bias resistor to form 
a high-pass filter, to provide a small 
measure of pre-distortion equalisation. 
This is necessary to reduce the effects 
of harmonics from the lower strings. 
Apparently, these low frequency har- 
monics tend to sound a little “fruity” 
during chord work. 
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mercial effects pedals. 
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diagram (Fig.1). 


robust (“stomp proof”) metal case! 


In addition, cutting the low end 
response may also help with guitar 
pickup equalisation. 

1C1b is configured as a non-inverting 
stage and operates with a gain of 12.8. 
It has two important roles, the first 
being to drive a pair of back-to-back 
diodes (D1 & D2) whose job it is to 
perform the soft clipping function. 


Clip job 
The way that this works is quite 
straightforward. Once the peak 


Generally, it’s desirable to be able to switch effects in and out during a 
performance. A popular means of doing this is via a foot switch built into the 
same box that houses the electronics. This arrangement is part of all com- 


Another common method relies on a dedicated bypass box, which is simply 
wired in series with the effects input and output leads. 


In the latter approach, the bypass function physically switches the effects 
box out of the signal path. This is termed “hard” bypassing, as opposed to 
“soft” bypassing, where some part of the effects electronics is still in-circuit 
(usually an input buffer and/or line driver). 


“Hard” bypassing is a popular approach because it ensures that the effect 
has no impact whatsoever on the signal, especially in relation to loading 
or otherwise distorting the signal source. A good example of a do-it-your- 
self bypass box can be found on the web at | = Article 


Alternatively, the WidgyBox has provision for an internal DPDT “hard” 
bypass switch. It’s simply a matter of removing the two wire links adjacent to 
the input and output sockets and wiring up switch S2 as shown on the circuit 


We envisage an internal switch being used in conjunction with a more 
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| 


I 
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signal level exceeds the forward 
voltage (0-2-0-4V) of the diodes, 
they start to conduct, thus clip- 
ping the highs and lows off the 
waveform. In addition, the non- 
linear conduction characteristic of 
the diodes give the peaks a smooth, 
rounded appearance. 

Regardless of increasing drive level, 
the diodes continue to clip the signal 
to about the same voltage, resulting 
in even more waveform compression 
(and distortion). 


J 1.04V 


ui-~ 
Fig.2: moderate soft clipping. The top waveform shows 
the signal into op amp IC1ib, while the bottom waveform 
shows the signal across the clipping diodes (D1 & D2). 
Note the smooth waveform peaks. Compression is already 
quite noticeable, nearing a 2:1 ratio. 
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ti-~ 
Fig.3: this is the maximum soft clipping signal, again 
taken across diodes D1 & D2. Note that the rising and 
trailing edges are almost vertical now but we still have 
rounded peaks. The compression is now quite high and 
this also imparts quite a degree of sustain. 


—776.000,s 


Fig.4: maximum hard (and soft) clipping. The top wave- 
form shows the hard-clipped op amp output. At the 
bottom, we can see what it looks like across the diodes. 
The amplitude isn’t much different to Fig.3 but the peaks 


have been “flattened”. 


At very high drive levels, IC1b’s sec- 
ond role comes into play — it starts to 
hard clip the signal. What happens is 
that the amplified signal level exceeds 
the op amp’s maximum available out- 
put swing — so it is abruptly clipped. 


Chi Fs 280mv 


» 200mvV 


boost. 


This is normal behaviour for any 
over-driven op amp and it’s exactly 
what we need for our hard clipping 
function! 

As a matter of interest, the TLO72 
clips non-symmetrically. This suggests 


This close-up view shows the final version of the PC board. Take care to ensure 
that all polarised parts are installed the right way around. 
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Ch2 Ff 120mvV 
©-1.42400ms) 


Fig.5: fiddling with the tone controls has a bigger effect 
than you might expect, because it’s boosting or cutting 
the harmonics as well. Here’s what the output of the box 
looks like (bottom waveform) when we wind up the bass 


that not only do we get the higher-or- 
der harmonics mentioned earlier but 
also a larger proportion of even rather 
than odd multiples. 

Note that we’ve specified Schottky 
diodes for D1 & D2 as they have a lower 
forward voltage than the common 
1N4148/1N914 varieties. This gives 
a larger adjustment range between 
soft and hard clipping, allowing more 
waveform compression and increasing 
the “sustain” effect. 


Tone controls 


The distorted signal is routed to a 
Baxandall type tone control network, 
based around op amp IC2 and poten- 
tiometers VR2, VR3 & VR4. 

These pots and their associated 
resistors and capacitors form the feed- 
back network between the op amp’s 
inverting input and its output. 

Each of the bass, mid and treble 
networks can be considered separately 
since they are connected in parallel 
between the signal input following IC1b 
and the output of IC2 at pin 6. Further- 
more, the wiper of each pot is effectively 
connected to the inverting input (pin 2) 
which is a virtual ground. 

Operation of the bass control is as 
follows: with VR2 centred, the value 
of resistance connected between the 
output from IC1b and pin 2 of IC2 is 
the same as that between pins 2 & 6 and 
this sets the gain to -1. The 15nF ca- 
pacitor has no effect since it is equally 
balanced across the potentiometer. 

If we move the wiper of VR2 to the 
full boost position (ie, rotate the pot 
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Value wuFCode ElACode IEC Code 
220nF 
100nF 
15nF 


0-22uUF 
0-1pF 

0-:015uF 15n 
0-:012uF 12n 
0-0027uF 2n7 
0-0015uF 1nd 
150pF 150p 
39pF 39p 
10pF 10p 


220n 
100n 


224 
104 
153 
123 
272 
152 
150 
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10 


12nF 
2.7NF 
1.5nF 
150pF 
39pF 
10pF 


shaft fully clockwise), we get 19kQ 
(18kQ + 1kQ) between the input and 
pin 2 of IC2 and 119kQ between pins 
2 & 6. In addition, the 15nF capacitor 
is across the 100kQ resistance in the 
feedback loop. 

Without the capacitor the gain 
would be -119kQ/19kQ or -6.3 at all 
frequencies. But with the capacitor, the 
gain is high only at around 50Hz and 
as the frequency rises it comes back 
to -1 (ie, overall unity gain). Thus we 
have bass boost. 

Conversely, when VR2 is wound 
fully anticlockwise, the position is 
reversed and we get a gain of 19kQ/ 
119kQ or -0.16 (-16dB). The capacitor 
is now on the input side and provides 
less gain at frequencies below 100Hz 
but with gain increasing to -1 at fre- 
quencies above 100Hz. Thus we have 
bass cut. Various settings of VR2 be- 
tween these two extremes will provide 
for less boost and cut. 

The midrange section works in a 
similar manner except that there is 
now a 12nF capacitor between VR3’s 


oe oe ee ee ee ee ee ee ee ee ee 
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GONNEGT:;THE/METALSHELLS.OF 
THE POTS (VR1 - VR5) TOGETHER 
AND GROUND AS SHOWN 


BASS MID 


Fig.6: here’s how to install the parts on 


TREBLE TONE 


BYPASS 
the PC board. Install the smaller parts 


@TOaAAd MOITAOTeIA KQ 


first before moving on to the output sockets, the battery holder and (finally) the 


pots (see text). 


wiper and pin 2. This, along with the 
2-7nF capacitor across VR3, gives a 
bandpass filter, so we either boost or 
cut the midrange frequencies. 

The treble control operates with no 
capacitor across VR4 but has a 1-5nF 


4-Band Code (1%) 

brown black green brown 
red red yellow brown 
brown black yellow brown 
yellow violet orange brown 
orange white orange brown 
brown grey orange brown 
brown red orange brown 
brown black orange brown 
orange orange red brown 
red red red brown 

brown black red brown 
brown green brown brown 
brown black brown brown 


capacitor between its wiper and pin 2 
to produce a high-frequency boost or 
cut at 10kHz. A 39pF capacitor between 
pins 2 & 6 of IC2 provides a high-fre- 
quency rolloff to prevent oscillation 


which could otherwise 


5-Band Code (1%) 

brown black black yellow brown 
red red black orange brown 
brown black black orange brown 
yellow violet black red brown 
orange white black red brown 
brown grey black red brown 
brown red black red brown 
brown black black red brown 
orange orange black brown brown 
red red black brown brown 
brown black black brown brown 
brown green black black brown 
brown black black black brown 


occur when 
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Parts List 


1 PC board coded 573, available 
from the EPE PCB Service, 
117mm x 100-5mm 

1110 x 140 x 35mm (L x W x H) 
plastic instrument case 

1 DPDT PC mount toggle switch 
(S1) 

2 6-5mm PC-mount stereo switch- 
ed sockets (CON1 - CON2) 

1 2-1mm PC mount DC socket 
(CONS) 

1 9V PC mount battery holder 

3 100k2 16mm PC mount linear 
pots (VR2 - VR4) 

2 10kQ 16mm PC-mount log pots 
(VR1, VR5) 

5 knobs to suit pots 

20mm length of small heatshrink 
tubing 

70mm length of light duty hook-up 
wire 

320mm length of 0.71mm tinned 
copper wire 


Semiconductors 

2 TLO72CP dual op amps 
(IC1,1IC3) 

1 TLO71CP op amp IC (IC2) 

1 3mm high-brightness red LED 
(LED1) 

2 BAT43 schottky diodes (D1,D2) 

2 1N4004 1A silicon diode (D3,D4) 


Capacitors 

1 100uF 25V PC electrolytic 

2 10uF 16V PC electrolytic 

2 47uF 16V non-polarised PC 
electrolytic 

1 22uF 16V non-polarised PC 
electrolytic 

2 2-2uF 16V non-polarised PC 
electrolytic 

5 220nF (0-22uF) 50V MKT 
polyester 

2 15nF (0-015uF) 50V MKT 
polyester 

1 12nF (0-012uF) 50V MKT 
polyester 

1 2-7nF (0-0027uF) 50V MKT 
polyester 

1 1-5nF (0-0015uF) 50V MKT 
polyester 

3 150pF 50V ceramic disc 

1 39pF 50V ceramic disc 

1 10pF 50V ceramic disc 


Resistors (0-25W, 1%) 

1 1MQ 3 10kQ 
1 220kQ 1 3.3kQ 
2 100kQ 2 2.2kQ 
2 47kQ 2 1kQ 
3 39kQ 1 150Q 
2 18kQ 1 100Q 
2 12kQ 


with many commercial units, which 
commonly provide only one or two 
bands of adjustment. 

Switch S1 has been included to 
allow you to quickly bypass the tone 
circuitry altogether should you wish to 
control it elsewhere in your setup. 


Level control & output 

IC2’s output is AC-coupled via a 
2-2uF capacitor to VR5. This pot al- 
lows you to set the output level to 
match the input, thus preventing any 
noticeable jump in volume when the 
WidgyBox is switched in and out (see 
the panel entitled “Effects Bypassing: 
The Different Methods”). From there, 
the signal is AC-coupled via a 220nF 
capacitor to op amp IC3a. This op amp 
is configured as a voltage follower — it 
simply buffers the incoming signal and 
passes it through unchanged. 

A 150Q resistor decouples IC3a’s 
output from any cable capacitance, 
thereby ensuring stability under all 
conditions. This is followed with 
a 47uF capacitor to remove the DC 
offset. Finally, a 10kQ resistor termi- 
nates the output to ground, ensuring 
that there are no nasty clicks when 
the box is hot-switched into the 
signal path. 


Power supply 

In keeping with other popular ef- 
fects pedals, power for the unit is 
provided by a 9V alkaline battery. The 
current drain is only about 12-15mA, 
so you’ll get more than a days’ continu- 


the treble control is set for maximum Being able to boost or cut the dis- ous use and many days of intermittent 
boost. Similarly, the 1kQ resistor in torted signal in three distinct bands _use before a swap is required. 

series with pin 2istheretoattenuateRF gives you a lot of control over your Alternatively, power can be pro- 
signals; it stops radio breakthrough. sound — more, in fact, thanis possible vided bya 9V DC plugpack. Be aware, 


Fig.7: these full-size 
WIDGYBOX artworks can be used 
PS tone as drilling templates 
=) bypass for the front and rear 
SS panels. Drill small 
ae pilot holes to begin 

norm with, then carefully 
enlarge each hole to 
size using a tapered 
reamer. 


drive bass mid treble level 
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though, that most unregulated plug- 
packs put out much more voltage 
than their rating at these low current 
levels. 

Although this won’t damage your 
box, the higher voltage will alter the 
characteristics of the distortion effects 
at high drive settings. 

If you have a plugpack with select- 
able output voltages, you may find that 
the 7-5V setting provides about 9.5V 
under light load, which is ideal. 

Note that the negative terminal 
of the battery connects to earth via 
the switch contacts of the DC input 
socket (CON3) and the middle and 
common contacts of the guitar input 
socket (CON1). This means that you’ll 
need to plug in your guitar to power 
up the box. 

It also means that when a plug- 
pack jack is inserted, the battery is 
disconnected. This feature is very 
important, otherwise the plugpack 
would attempt to charge the battery 
and that could have loud and startling 
consequences! 

Finally, the half supply voltage rail 
(ie, +V/2) needed by all of the bias 
networks is generated by op amp IC3b 
and its associated circuitry. Two 47kQ 
resistors divide the +V rail in half, after 
which it is filtered by a 10uF capacitor 
and then buffered by op amp IC3b. 
A 100Q resistor in series with IC3b’s 
output decouples the large 10uF filter 
capacitor. 


Construction 

With the exception of the power 
LED, all components mount ona single 
PC board, coded 573. 

Using the overlay diagram in Fig.6 
as a guide, begin by installing the eight 
wire links using 0-7mm tinned copper 
wire or similar. Note that the two links 
adjacent to the input and output sock- 
ets (CON1 & CON2) can be left out if 
you intend fitting a foot switch to the 
box but more on that later. 

Install the low-profile components 
first, beginning with the resistors and 
diodes (D1-D3). Follow with the three 
op amp ICs (IC1-IC3). Make sure that 
you have the pin 1 (notched) end of 
each IC oriented as per the overlay 
diagram. In addition, note that IC2 is 
a TLO71 (single) op amp, whereas the 
others are TLO72 (dual) versions. Don’t 
mix them up! 

The two jack sockets (CON1 & CON2) 
and the DC socket (CON3) can go in 
next. When inserting the jack sockets, 
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The assembled PC board fits neatly into a low-profile plastic instrument case. 
Note that the PC board shown here is a prototype version and differs slightly 


from the final version shown in Fig.6. 


push them all the way down until the 
shoulders of all pins make contact with 
the PC board surface. Follow with the 
battery holder, which should be secured 
to the PC board with No. 4 x 6mm self- 
tapping screws prior to soldering. 
Next, install all the capacitors. The 
100uF and two 10uF electrolytic ca- 
pacitors are polarised and must go in 
the right way around. The remaining 


Fig.8: having heard 
all the stories about 
valve distortion, 
we were consumed 
with curiosity and 
had to have a look 
at it ourselves. A 
kind gentleman 
loaned us his valve 
guitar amplifier and 
we captured this 
waveform when 

it was overdriven. 
That doesn’t look 
too soft, does it? 


five electrolytics are non-polarised 
(marked “NP” on the overlay) and can 
go in either way. 

Potentiometers VR1-VR5 and switch 
S1 should be installed last of all. Start 
with VR1 but solder its middle pin 
only. Lift the board to eye level and 
examine the position of the pot from 
the front and side. It should be sitting 
perfectly “square”. 
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The rear panel carries the 6.5mm stereo switched sockets and includes an 
access hole for the DC power socket. Note that the PC board in this photo is 


the final version, as shown in Fig.6. 


Why bother? — well, when we 
eventually fit the front panel, this step 
helps to ensure that all the pot shafts 
are aligned, improving appearance 


S$194445 NOILYOLSIG © | 


and minimising stress on solder joints 
when the nuts are tightened. 

Adjust the pot position as necessary 
and then solder the remaining two 


Fig.9: this is the full-size etching pattern for the PC board. 
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pins. Repeat this procedure for the 
other four pots. 

Finally, install the tone bypass 
switch (S1), ensuring that it is seated 
firmly on the PC board surface before 
soldering. 


Case preparation 


As supplied, the bottom half of the 
case contains eight mounting posts. 
The four outermost posts are used to 
support the PC board, while the four 
inner posts are not required and must 
be removed. This can be done using a 
chisel or an oversized drill bit. 

The templates shown in Fig.7 pro- 
vide the quickest and easiest method 
of getting all the holes in the right 
places for the front and rear panels. 
Photocopy the templates, cut them 
out and carefully align and tape each 
one to a blank panel. 

First, gently centre-punch the holes 
directly through the templates, then 
remove them and drill 1mm pilot holes 
for each mark. Don’t attempt to jump 
directly to a large diameter drill, as 
you may split a panel or get the holes 
off-centre. Instead, drill the holes pro- 
gressively larger in several steps. 

Some constructors won’t have frac- 
tional drill sizes all the way up to the 
large diameters of the pot shafts and 
jack sockets. In this case, a tapered 
reamer is ideal for enlarging the holes 
to their final sizes. 


Trial fit 

The front panel should not be for- 
cibly fitted over the pot shafts. If the 
holes are correctly sized for the shafts 
but the panel is still a tight fit (or won’t 
fit!), then the holes are obviously out 
of alignment. Increase the hole sizes 
as necessary to get an easy fit. This is 
quite important; a good fit keeps all 
the pot shafts in alignment. 

With the drilling done, slide the 
panels into place and loosely install 
washers and nuts on all the pots and 
the two jack sockets. The assembly 
should now slip home in the case 
bottom without too much trouble. 
Check that you can sight the four 
mounting post holes through the PC 
board holes and that the posts actually 
make contact with the underside of 
the board. If all is well, tighten up the 
nuts by hand. 


Grounding the pots 


To minimise extraneous noise, 
the metal shells of the pots must be 
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connected to the ground (0V) rail. This 
is achieved by soldering a single length 
of tinned copper wire to the metal top 
of each pot and terminating it to the 
PC board at either end. The overlay 
diagram (Fig.6) and the various photos 
show where to position this wire. 

In order to get the solder to adhere 
to the pots, remove a small spot of the 
cadmium plating on each pot with an 
ink rubber or scouring pad and clean 
the area with alcohol. That done, pre- 
tin the spot with a fairly hot iron and 
large gauge multicore solder before 
attempting to attach the earth wire. 


Installing the LED 


To mount the LED, first strip and 
tin the ends of two 30mm lengths of 
light-duty hook-up wire. That done, 
shorten the LED leads to about 8mm, 
solder one end of each wire to a LED 
lead and insulate the connections with 
heatshrink tubing. 

Finally, slip the LED into position 
in the front panel and solder the two 
leads to the PC board as shown in 
Fig.6. Be sure to install the LED with 
the correct polarity, though. The flat 
edge on the LED body goes towards the 
edge of the case (see Figs.1 & 6). 

If necessary, the LED can be fixed in 
position with a spot of glue or silicone 
sealant. 


Testing 


A few quick voltage measurements 
around the circuit will help to confirm 
that your project is ready for use. You’ll 
need a fresh 9V battery, a mono jack 
plug and a multimeter. 

Fit the battery and insert the plug 
in the input socket (CON1). The plug 
can be on one end of your guitar lead 
but don’t connect anything to the other 
end just yet! 

As soon as the plug is inserted, the 
power LED should light. If it doesn’t, 
then remove the plug immediately and 
check the orientation of the LED. Also, 
check that there is continuity through 
the DC socket (CON3) switch contacts, 
which can be identified by tracing the 
negative connection from the battery. 

If the above checks don’t identify 
the problem, then suspect a short or 
low resistance between the +V rail 
(battery positive) and ground (battery 
negative). You may have inadvertently 
reversed one of the ICs or perhaps there 
is asolder bridge between tracks some- 
where. Follow the +V trace around the 
board to track it down. 
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Sound Fun: Experimenting With The Circuit 


Like to experiment a little? Then check out these ideas! 


As explained in the text, the high-pass filter formed by the 15nF capaci- 
tor and 100kQ resistor at the input of |C1b provides for some pre-distortion 


equalisation. 


The 3dB point of this filter is around 100Hz. A higher or lower point may 
better suit your system. We suggest an upper limit of about 300Hz (no lower 
limit). Here are some example values: for a 194Hz 3dB point, use 8-2nF 


instead of 15nF; for 284Hz, use 5-6nF. 


It is also possible to experiment with the distortion-making section of the 
circuit. For example, replacing one of the Schottky diodes with a common 
1N4148 will create non-symmetrical clipping for quite a different sound. 
You could also substitute germanium diodes, which have softer turn-on 


characteristics. Have fun! 


OK, let’s assume your LED lights up. 
Next, we’ll check that power arrives at 
each op amp IC supply pin. 

Set your multimeter to read DC volts 
and measure between pins 4 & 8 of 
both IC1 and IC3. That done, repeat 
this measurement between pins 4 & 7 
of IC2. In all cases, the reading should 
be about 9-2V. 

Now touch the negative probe of 
your meter to the negative battery 
terminal and the positive probe to 
pin 2 of IC2. Your reading should be 
very close to half the voltage measured 
above (about 4-6V). 


Final touches 

The next step is to secure the PC 
board to the case posts with four No. 
4 x 6mm self-tapping screws. Before 
tightening the screws, it’s a good idea 


to temporarily loosen off the pot and 
jack socket nuts, so that the assembly 
settles “comfortably” into position. 

The final job is to shorten the pot 
shafts to match the knobs. Before 
doing this, screw the top half of the 
case into position and tighten up all 
of the pot nuts. 

The procedure now is to grip the 
tip of each pot shaft (in turn) in a 
vice, starting with VR1. You can then 
carefully cut off the unneeded section 
of the shaft using a hacksaw. For our 
prototype, only 14mm of shaft length 
(measured from the surface of the 
panel) was required for the push-on 
type knobs. Be sure to support the 
weight of the assembly during the 
cutting. 

That’s it — your WidgyBox is ready 
to rock! EPE 


Help — It Doesn’t Work! 


Before doing anything else, double-check all component values against 
the overlay diagram. If that doesn’t turn up anything, then some detective 


work is in order. 


If you have no output at all, then a few additional DC voltage measure- 
ments may help to narrow the problem down to a particular op amp and/or 


it's immediate circuitry. 


Apply power and wait at least 10 seconds for the bias networks to fully 


charge. Don’t apply a signal to the input or connect anything to the output 
socket during these checks. 


Connect your multimeter’s negative probe to battery negative and touch 
the positive probe to each op amp output in turn (IC1a pin 1, IC 1b pin 7, IC2 
pin 6 and IC3a pin 7). Although the readings will vary slightly, they should 
all be close to one-half battery voltage. A large variation in any reading 
indicates a problem in the immediate vicinity. 


Alternatively, if you have output signal but varying the drive pot doesn’t 
change the distortion level, then suspect a problem with the feedback cir- 


cuitry around IC1a or IC 1b. 
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EPE Tutorial Series 


TEACH-IN 2006 


Part Eight — Digital Electronics: Introducing logic 
circuits; truth tables; logic families; logic gates. 


MIKE TOOLEY BA 


Our Teach-In 2006 series provides a broad-based introduction to electronics for the complete newcomer. The 
series also provides the more experienced reader with an opportunity to “brush up” on topics which may be 
less familiar. This month we shall be delving into the world of digital electronics - an area that has had an 
increasing impact on our lives during the last four decades 


Digital electronics has brought us the 
microprocessor and microcomputer as well as 
a means of exchanging vast amounts of data 
through local and global networks. But that's 
not all — digital electronics is used in almost 
every item of consumer electronic equipment, 
including CD and DVD players, digital TV 
and digital audio broadcasting (DAB). 

Part Eight of our Teach-In series starts by 
introducing the basic logic functions (AND, 
OR, NAND, NOR, etc.) together with the 
symbols and truth tables that describe the oper- 
ation of the most common logic gates. We then 
show how these gates can be used in simple 
combinational logic circuits before moving on 
to introduce bistable devices, counters and 
shift registers. Our Practical Investigations this 
month introduce you to the operation of some 
simple CMOS logic circuits. 


Logic 

We all make decisions based on logic in 
our everyday lives. The sort of decisions that 
we make are invariably conditional (i.e. they 
depend on a particular set of circumstances) 
and they often take the form: 

If (condition) then (action). 

For example: 

If cold then put on the heating 

or 

If thirsty then go to the bar 

We also make compound decisions that 
are based on more than one set of circum- 
stances and can take the form: 

If (condition I) or (condition 2) then 
(action). 


Fig.8.1. AND switch and lamp logic 
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or 

If (condition 1) and (condition 2) then 
(action). 

For example: 

If hungry or thirsty then go to the cafe 

or 

If cold and dark then go to bed 

Another possibility is that we might want 
to make a decision based on the absence of a 
condition rather than its presence. 

For example: 

If (condition 1) or (condition 2) and not 
(condition 3) then (action). 

An example of this might be: 

If hungry or thirsty and not raining then 
walk to the pub 

The important words in the above condi- 
tional statements are ‘“‘and’, “‘or” and “not”. 
These words describe logical conditions and 
we will next look at ways in which electron- 
ic circuits can emulate the “and” and “or” 
logic function using circuits that involve 
nothing more than batteries, switches and 
lamps. 


Logic Circuits 

Logic circuits are the basic building 
blocks of digital circuits and systems and, as 
their name suggests, they are circuits that are 
capable of making logical decisions. 

Consider the simple circuit shown in 
Fig.8.1. In this circuit a battery, Bl, is 
connected to a lamp, LP1, via two switches, 
A and B. It should be obvious that the lamp 
will only operate when both of the switches 
are closed (i.e. both A AND B are closed). 


Fig.8.2. Possible states for the circuit of 
Fig.8.1 


Let's look at the operation of the circuit in a 
little more detail. Since there are two switch- 
es (A and B) and there are two possible states 
for each switch (open or closed), there is a 
total of four possible conditions for the cir- 
cuit. We can summarize these conditions in 
Fig.8.2. 

Note that the two states (i.e. open or 
closed) are mutually exclusive and that the 
switches cannot exist in any other state than 
completely open or completely closed. 
Because of this, we can represent the state of 


Fig.8.3. Truth Table for 
the AND switch and 
lamp logic 


Fig.8.5. Possible states for the circuit of 
Fig.8.4. 
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the switches using the binary digits, 0 and 1, 
where an open switch is represented by 0 and 
a closed switch by a |. Furthermore, if we 
assume that “no light” is represented by a 0 
and “light on” is represented by a 1, we can 
rewrite Fig.8.2 in the form of a Truth Table as 
shown in Fig.8.3, where Y is the result of the 
combination of A and B. 

Fig.8.4 shows another circuit with two 
switches. This circuit differs from that shown 
in Fig.8.1 by virtue of the fact that the two 
switches are connected in parallel rather than 
in series. In this case the lamp will operate 
when either of the two switches is closed (in 
other words, when A OR B is closed). 

As before, there is a total of four possible 
conditions for the circuit. We can summarize 
these conditions in Fig.8.5. Once again, 
adopting the convention that an open switch 
can be represented by 0 and a closed switch 
by 1, we can rewrite the truth table in terms 
of the binary states as shown in Fig.8.6. 


Fig.8.6. Truth Table for 
the OR switch and 
lamp logic 


Fig.8.7. Simple switching circuit — see 
Example 8.1 


E 


Fig.8.8. Truth Table 
for the simple 
switching _ circuit 


shown in Fig 8.7. 


a @Qaeeige 2 6 
-=-,2-2e- CCC S8 8S 


Example 8.1 

Fig.8.7 shows a simple switching circuit. 
Describe the logical state of switches A, B 
and C in order to operate the lamp. 

In order to operate the lamp, switch A 
AND either switch B OR switch C must be 
operated. The truth table is shown in Fig.8.8. 


Check Point 8.1 


Logic circuits involve signals that can 


only exist in one of two, mutually exclu- 
sive, states. These two states are usually 
denoted by 1 and 0, “on” or “off”, 
“closed” and “‘open’’, etc. 
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Logic 


Function MIL/JANSI 


Fig.8.10. Logic gates with inverted outputs 


Logic Gates 

Logic gates are circuits designed to pro- 
duce the basic logic functions, AND, OR, 
NOT, etc. These circuits are designed to be 
interconnected into larger, more complex, 
logic circuit arrangements. Each type of 
logic gate has its own symbol and in Fig.8.9 
we have shown both the British Standard 


Symbols 


Truth Table 


ae 


c 


a8] 

0 0 

0 1 

1 0 

1 1 
Cua 

0 6°08 

0 1 

1 0 

1 1 
ca 

0 0 

0 1 

f 0 

| 1 


24689 


--2+eoc 


c 


-=-400 
-~eo-s 


(BS) symbol together with the more univer- 
sally accepted American Standard 
(MIL/ANSD symbol. Note that, while invert- 
ers and buffers each have only one input, 
exclusive-OR gates have two inputs and the 
other basic gates (e.g. AND, OR, NAND and 
NOR) are commonly available with up to 
eight inputs. 
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Some of the logic gates shown in Fig.8.9 
are said to have inverted outputs. These gates 
are the NOT, NAND, NOR and Exclusive- 
NOR and the small circle at the output of the 
gate (see Fig.8.10a) indicates this inversion. 
It is important to note that the output of an 
inverted gate (e.g. NOR) is identical to that 
of the same (i.e. non-inverted) function with 
its output connected to an inverter (or NOT 
gate) as shown in Fig.8.10b. 

The logical function of a logic gate can 
also be described using Boolean notation. In 
this type of notation the OR function is rep- 
resented by a “+” symbol, the AND function 
by a “—” sign, and the NOT function by an 
overscore or “/’. Thus the output, Y, of an OR 
gate with inputs A and B can be represented 
by the Boolean algebraic expression: 


Y=A+B 


Similarly, the output of an AND gate can 
be shown as: 


Y=A-B 


We shall now briefly examine the logical 
functions of each of the basic logic gates 
shown in Fig.8.9: 


Buffers 

Buffers do not affect the logical state of a 
digital signal (i.e. a logic | input results in a 
logic 1 output whereas a logic 0 input results 
in a logic 0 output). Buffers are normally 
used to provide extra current drive at the out- 
put but can also be used to regularize the 
logic levels present at an interface. The 
Boolean expression for the output, Y, of a 
buffer with an input, X, is: 


Y=xX 


Inverters 

Inverters are used to complement the logi- 
cal state (i.e. a logic | input results in a logic 
0 output and vice versa). Inverters also pro- 
vide extra current drive and, like buffers, are 
used in interfacing applications where they 
provide a means of regularizing logic levels 
present at the input or output of a digital sys- 
tem. The Boolean expression for the output, 
Y, of an inverter with an input, X, is: 


Y =/X (or Y = X) 


AND Gates 

AND gates will only produce a logic | 
output when all inputs are simultaneously at 
logic 1. Any other input combination results 
in a logic 0 output. The Boolean expression 


Fig.8.12. Majority vote logic circuit 


44 


for the output, Y, of an AND gate with inputs, 
A and B, is: 


Y=A-B 


OR Gates 

OR gates will produce a logic 1 output 
whenever any one, or more, inputs are at 
logic 1. Putting this another way, an OR gate 
will only produce a logic 0 output whenever 
all of its inputs are simultaneously at logic 0. 
The Boolean expression for the output, Y, of 
an OR gate with inputs, A and B, is: 


Y=A+B 


NAND Gates 

NAND (i.e. NOT-AND) gates will only 
produce a logic 0 output when all inputs are 
simultaneously at logic 1. Any other input 
combination will produce a logic | output. 
A NAND gate, therefore, is nothing more 
than an AND gate with its output inverted! 
The circle shown at the output denotes this 
inversion. The Boolean expression for the 
output, Y, of a NAND gate with inputs, A 
and B, is: 


Y=A-B 


NOR Gates 

NOR (i.e. NOT-OR) gates will only pro- 
duce a logic | output when all inputs are 
simultaneously at logic 0. Any other input 
combination will produce a logic 0 output. A 
NOR gate, therefore, is simply an OR gate 
with its output inverted. A circle is again used 
to indicate inversion. The Boolean expres- 
sion for the output, Y, of a NOR gate with 
inputs, A and B, is: 


Y=A+B 


Exclusive-OR Gates 

Exclusive-OR gates will produce a logic 1 
output whenever either one of the two inputs 
is at logic 1 and the other is at logic 0. 
Exclusive-OR gates produce a logic 0 output 
whenever both inputs have the same logical 
state (i.e. when both are at logic 0 or both are 
at logic 1). The Boolean expression for the 
output, Y, of an exclusive-OR gate with 
inputs, A and B, is: 


Y =(A_— /B)+(B — /A) Or Y= 
(A — B)+(B — A)) 


Exclusive-NOR Gates 

Exclusive-NOR gates will produce a 
logic 0 output whenever either one of the 
two inputs is at logic | and the other is at 


logic 0. Exclusive-NOR gates produce a 
logic 1 output whenever both inputs have 
the same logical state (i.e. when both are at 
logic 0 or both are at logic 1). The Boolean 
expression for the output, Y, of an exclu- 
sive-NOR gate with inputs, A and B, is: 


Y=(/A — /B)+(B — /A) or Y= 
(A — B)+(B — A)) 


Check Point 8.2 


The logical function of a combina- 


tional logic circuit (i.e. an arrangement 
of logic gates) can be described by a 
truth table or by using Boolean algebra. 


Combinational Logic 

By using a standard range of logic levels 
(i.e. voltage levels used to represent the logic 
1 and logic 0 states) logic circuits can be 
combined together in order to solve complex 
logic functions. 


Example 8.2 

A logic circuit is to be constructed that 
will produce a logic 1 output whenever 
two, or more, of its three inputs are at 
logic 1. 

This circuit could be more aptly referred 
to as a “majority vote” circuit. Its truth table 
is shown in Fig.8.11. Fig.8.12 shows the 
logic circuitry required. 


is 


Fig.8.11. Truth 
Table for 
Example 8.2 


= =~ = = Ocsd Oo 
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Example 8.3 

Show how an arrangement of AND, OR 
and NOT gates can be used to produce the 
exclusive-OR function. 

In order to solve this problem, consider the 
Boolean expression for the exclusive-OR 
function: 


Y =(A — /B)+(B — /A) 


(A-/B)+(B-/A) 


Fig.8.13. An excusive-OR gate produced from AND, OR 


and NOT gates 
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where /A and /B can be obtained by simply 
inverting A and B respectively. Then, A — 
/B and B — /A can be obtained using two 
two-input AND gates. Finally, these two 
can be applied to a two-input OR gate in 
order to obtain the required logic function, 
(A — /B) + (B — /A). The complete solu- 
tion is shown in Fig.8.13. 


Questions 8.17 


Q8.1. Show how three two-input AND 
gates can be connected together to form 
a four-input AND gate. 


Q8.2. Show how three two-input OR 
gates can be connected together to form 
a four-input OR gate. 


Q8.3. Draw the truth table for the 
logic gate arrangement shown in 
Fig.8.14. 


Q8.4. State the Boolean logic expres- 
sion for the output of each of the gate 
arrangements shown in Fig.8.15. 


Q8.5. Devise a logic gate arrangement 
that provides an output described by the 
truth table shown in Fig.8.16. 


Fig.8.14. See Questions 8.1 


Fig.8.15. See Questions 8.1 


Bistables 

The output of a bistable circuit has two 
stables states (logic 0 or logic 1). Once set in 
one or other of these states, the output of a 
bistable will remain at a particular logic level 
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Fig.8.16. See 
Questions 8.1 


0 
0 
1 
1 
0 
1 
1 
1 


for an indefinite period until reset. A bistable 
thus forms a simple form of memory as it 
remains in its latched state (either set or 
reset) until a signal is applied to it in order 
to change its state (or until the supply is 
disconnected). 

The simplest form of bistable is the R-S 
bistable. This device has two inputs, SET and 
RESET, and complementary outputs, Q and 
/Q. A logic 1 applied to the SET input will 
cause the Q output to become (or remain at) 
logic 1 while a logic 1 applied to the RESET 
input will cause the Q output to become (or 
remain at) logic 0. In either case, the bistable 
will remain in its 
SET or RESET 
state until an input 
is applied in such a 
sense as to change 
the state. 

Two simple 
forms of R-S 
bistable based on 
cross-coupled 
logic gates are 
shown in Fig.8.17. 
Fig.8.17a is based 
on cross-coupled 
two-input NAND 
gates while 
Fig.8.17b is based 
on cross-coupled 


Ea 


Clock (rising edge) 


two-input NOR 
gates. 
Unfortunately, 


the simple cross- 
coupled logic gate 
bistable has a num- 
ber of — serious 
shortcomings (con- 
sider what would 
happen if a logic 1 
was simultaneously 
present on both the 
SET and RESET 
inputs!) and practi- 
cal forms of 
bistable make use 
of much improved 
purpose-designed 
logic circuits such 
as D-type and J-K 
bistables. 

The D-type 
bistable has two inputs: D (standing various- 
ly for data or delay) and CLOCK (CLK). The 
data input (logic 0 or logic 1) is clocked into 
the bistable such that the output (Q) state only 
changes when the clock changes state. 
Operation is thus said to be synchronous. 
Additional subsidiary inputs (which are 
invariably active low) are provided which can 
be used to directly set or reset the bistable. 

These are usually called PRESET (PR) 
and CLEAR (CLR). D-type bistables are 


Data input 


Fig.8.17. Simple R-S bistables (a) based 
on NAND gates and (b) based on NOR 
gates 


clocked to the 
Q-output on 
the rising 
clock edge 


Fig.8.18. The D-type bistable 


Fig.8.19. Timing diagram for the D-type bistable 


used both as latches (a simple form of mem- 
ory) and as binary dividers. The simple cir- 
cuit arrangement in Fig.8.18 together with 
the timing diagram shown in Fig.8.19 illus- 
trate the operation of D-type bistables. 

J-K bistables (see Fig.8.20) have two 
clocked inputs (J and K), two direct inputs 
(PRESET and CLEAR), a CLOCK (CLK) 
input, and outputs (Q and /Q). As with R-S 
bistables, the two outputs are complementary 
(i.e. when one is 0 the other is 1, and vice 


45 


A logic 1 is required here 
to sat the Q output 


A logic t |s required here 
to reset the Q output 


(a) Basic J-K bistable 


Fig.8.20. J-K bistable 


(a) PRESET and CLEAR inputs 


Circle indicates ‘active low’ input 
{a logic 0 will be required to 


(b) J-K bistable with active-low 
PRESET and CLEAR inputs 


reset the Q output) 


(i.e. Q is reset) on the 
next clock transition) 


operation - refer to the 
next truth table 


Note that the PRESET and CLEAR inputs are unaffected by the 


state of the clock 


versa). Similarly, the PRESET and CLEAR 
inputs are invariably both active low (i.e. a 0 
on the PRESET input will set the Q output to 
1 whereas a 0 on the CLEAR input will set 
the Q output to 0). Fig.8.21 summarizes the 
input and corresponding output states of a J- 
K bistable for various input states. J-K bista- 
bles are the most sophisticated and flexible of 
the bistable types and they can be configured 
in various ways, including binary dividers, 
shift registers, and latches. 

Fig.8.22 shows the arrangement of a four- 
stage binary counter based on J-K bistables. 
The timing diagram for this circuit is 


No change in state of 
the Q output on the 
next clock transition 


Q output changes to 0 
(Le. Q is reset) on the 
next clock transition) 


Q output changes to 1 
(Le. Q is reset) on the 
next clock transition) 


Q output changes to 
the opposite state on 
the next clock transition 


Note that Q,, means ‘Q in whatevwer state it was before’ whilst 


Q,,,, Means 'O after the next clock transition’ 


Fig.8.21. J-K bistable operation 


shown in Fig.8.23. Each stage successively 
divides the clock input signal by a factor of 
two. Note that a logic | input is transferred 
to the respective Q-output on the falling 
edge of the clock pulse and all J and K 
inputs must be taken to logic | to enable 
binary counting. 

Fig.8.24 shows the arrangement of a 
four-stage shift register based on J-K bista- 
bles. The timing diagram for this circuit is 
shown in Fig.8.25. Note that each stage 
successively feeds data (Q output) to the 
next stage. Note that all data transfer occurs 
on the falling edge of the clock pulse. 


Fig.8.22. Four-stage binary counter using J-K bistables 
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Check Point 8.3 


Bistable devices provide us with a 
way of storing a transient logical state. 


More advanced bistable devices (such 
as J-K bistables) can be configured for 
use in a variety of different ways, 
including operation as counters and 
shift registers. 


Logic Families 

The task of realizing a complex 
logic circuit is made simple with 
the aid of digital integrated circuits 
which are classified according to 
the semiconductor technology 
used in their fabrication (the logic 
family to which a device belongs is 
largely instrumental in determin- 
ing its operational characteristics, 
such as power consumption, speed, 
and immunity to noise). 

The two basic logic families are 
complementary metal oxide semi- 
conductor (CMOS) and transistor- 
transistor logic (TTL). Each of 
these families is then further sub- 
divided into classes that are based 
on refinements of the technology, 
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such as “high-current” (or buffered output), 
low-noise, etc. Representative circuits for a 
basic two-input NAND gate using TTL and 
CMOS technology are shown in Fig.8.26a 
and Fig.8.26b, respectively. 

The most common family of TTL logic 
devices is known as the 74-series. 
Devices from this family are coded with 
the prefix number 74, for example, 7400. 
Variants within the family are then distin- 
guished by letters which follow the initial 
prefix, for example: 

74F00 a device that uses fast TTL 
technology and operates at higher speed 
than the 7400 with which it is logic and 
pin-compatible 

74LS08 a device that is logic and pin- 
compatible with the 7408 but which uses 
low-power Schottky technology 

74HCT74 a high-speed CMOS version 
of the 7474 which has CMOS-compatible 
inputs 

T4ALS32 a device that is logic and pin- 
compatible with the 7432 but which uses 
advanced low-power Schottky technology 

The most common family of CMOS 
devices is known as the 4000-series. 
Variants within the family are identified 
by the suffix letters, for example: 

4001UB a standard (un-buffered) 
CMOS devices that is logic and pin-com- 
patible with the 4001B 

4011B a device that is logic and pin- 
compatible with the 4001UB but which 
has buffered outputs 

4069UB a device that is logic and pin- 
compatible with the 4069B but which has 
unbuffered outputs 


Fig.8.25. Timing diagram for the four- Fig.8.26. Representative internal circuit- 

stage shift register ry for a two-input logic gate in (a) stan- 
dard TTL and (b) standard CMOS 
technology 


Fig.8.28. Logic levels for (a) standard 
Fig.8.27. Pin connections for the DIL packaged versions of some common CMOS and TTL and (b) standard CMOS logic 
TTL devices devices 
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It is important to note that manufactur- 
ers often add their own prefix and suffix 
letters to a basic device code. Some typi- 
cal TTL and CMOS devices supplied in 
standard dual-in-line (DIL) packages are 
shown in Fig.8.27. Note that these 
devices are also available in different 
package styles, such as leadless flat pack- 
ages designed for surface mounting. 

Finally, it is also worth noting that the 
vast majority of logic devices and other 
digital integrated circuits are marked 
with a four digit date code. The code 
often appears alongside or below the 
device code. The first two digits of this 
code give the year of manufacture while 
the last two digits specify the week of 
manufacture. 


Logic Levels 

Logic levels are simply the range of volt- 
ages used to represent the logic states 0 and 1. 
The logic levels for CMOS differ markedly 
from those associated with TTL. In particular, 
CMOS logic levels are relative to the supply 


(b) Truth table: 


k 
(short lead) 


underside view 
ooo0o0oo ooo 
oo0000o0 ooo 


Fig.8.31. Connections for the LED 


onannwnestnmeres 
gooo0oo000000000 


oooo0oaqo0o0000000000 
ooo00000000000000 


(a) Table of results: 


2 Gomme 4 OOCRID SS 0000 
So) ee 2 7 Bee ee eS eS 
osteo. 


Fig.8.30. Wiring diagram for Practical Investigation 8.1 Link present=0 LED non-illuminated = 0 


Link removed = 1 LED illuminated = 1 


voltage used while the logic levels associated 
with TTL devices tend to be absolute (see 
Fig.8.28). 

The noise margin of a logic device is a 
measure of its ability to reject noise and 
spurious signals; the larger the noise 
margin the better is its ability to perform 
in an environment in which noise is pre- 


Fig.8.32. Table of results for the two-input NOR gate investigation 


Check Point 8.4 
The two main logic families are CMOS 


high state (logic 1) output voltage, Vian 
is the minimum value of high state (logic ») 
input voltage, Voy qyax) is the maximum 
value of low state (logic 0) output voltage, 


sent. Noise margin is defined as the dif- 
ference between the minimum values of 
high state output and high state input 
voltage and the maximum values of low 
state output and low state input voltage. 
Hence: 

noise margin = Voyqviny ~ Vinavin) 

or 


noise margin = Voy (max) - Vir@ax) 
where VoH(MIN) is the minimum value of 
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and Vy qaxy 18 the minimum value of low 
state (logic 0) input voltage. 

The noise margin for standard 7400 series 
TTL is typically 400mV while that for 
CMOS is 1/3Vpp, as shown in Fig.8.28. 


Practical Investigation 8.1 

Objective: To investigate the operation 
and obtain the truth table for (a) a two-input 
CMOS NOR gate and (b) a two-input CMOS 
NAND gate. 


and TTL. These two families have quite 
different characteristics, supply require- 
ments, and logic levels. CMOS logic 
devices operate from a wide range of volt- 


age levels and consume very little power 
(and are therefore often preferred for 
portable low-power applications). TTL 
logic devices, on the other hand, tend to be 
faster but have a much lower noise margin 
and are therefore more susceptible to noise 
and interference. 
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Table 8.1. Breadboard wiring for Practical Investigation 8.1 Components and materials: Plug-in 


Step Connection, link or component From To breadboard; 9V DC power source (PP9 
: : : 9V battery or AC mains adapter with a 

1 OV supply (negative) Supply negative Black terminal 9V 400mA output); 4001 and 4011 14- 

= ad supply Gey) Supply posiuve Red terminal pin DIL CMOS logic integrated circuits; 

3 Red Wire Red terminal +31 red LED; resistors of 47kQ (2 required) 

- Black wit Black terminal 31 and 1kQ; insulated wire links (various 

5 Link ~30 (top) ~30 (bottom) lengths); short lengths of black and red 

6 apie 523 ~23 (bottom) insulated solid wire 

7 Link (Link A) J12 —12 (bottom) : 

8 Link (Link 8) 413 13 (bottom) Circuit diagram: See Fig.8.29 

9 a #12 Ala Wiring diagram: See Fig.8.30 and 

10 Link +13 Al3 Fig.8.31 

11 Link +17 Al7 _ 

ie fg oe oT Procedure: The required breadboard 

13 ck HS HIS wiring is shown in Table 8.1. 

= We tlale Pa ! yy 1. Connect the circuit as shown in 

IS ICI (as above) Pin? F23 Table 8.1 with the 4001 CMOS (quad 

“ Pe Gsaboe) Be 8 E23 two-input NOR gate) used for IC1. 

1 ICI (as above) Pin au 2. Ensure that both Link A and Link B 

a Hn ca a are connected (this corresponds to an 

, input state of A = 0 and B = 0). 

20 R3 1kQ Gp G25 3. Switch on (or connect the 9V sup- 

a or) anode 325 ply) and observe the state of the LED. 

22 D1 {as above) cathode ~25 (bottom) Note down whether the LED is illuminat- 


ed or not illuminated using the table of 
results shown in Fig.8.32. 

4. Disconnect first link B (with link A 
in place) and then link A (with link B in 
place). In the first condition B = 1 and A 
= 0 and in the second condition B = 0 and 
A = 1. For each of these two conditions, 
observe the state of the LED and add 
your results to Fig.8.32. 

5. Finally, disconnected both links (so 
that A = 1 and B = 1) and add the final 
line to your results. 

6. Switch off (or disconnect the 9V 
supply), replace IC1 with a 4011 CMOS 
(quad two-input NAND gate and repeat 
steps 1 to 6 above, recording your results 
in a separate table. 


{open links for logic 1 input) Conclusion: Verify that both devices 
produce the expected logical functions 
and truth tables. 


Fig.8.33. Circuit diagram for Practical Investigation 8.2 Practical Investigation 8.2 
Objective: To investigate the operation and obtain the truth 
Fig.8.34. Wiring dia- 9V power supply table for (a) a two-input OR gate and (b) a two-input AND gate. 


Components and materials: As for Practical Investigation 8.2. 
Circuit diagram: See Fig.8.33 
Wiring diagram: See Fig.8.34 


gram for Practical ~ve 
Investigation 8.2 


Procedure: The required breadboard wiring is the same as that 
for Practical Investigation 8.1 in Table 8.1, with the changes 
shown in Table 8.2. 


Table 8.2. Breadboard wiring for Practical Investigation 8.2 


Step Connection, link From To 
or component 
eooo0o9o o0o0 ooo0oo Db ® a 
goo000 9000 oo000 5 20 R3 1kQ G20 G25 
—— 23 Link 9 121 
hE nal 24 Link H21 H22 


ogoosgeaooc0000000000 


ecoo0o0000a00c0o0000000 
eoaooo0oa0o00o000000000 


The rest of the procedure is the same as that used for steps | to 
6 of the procedure for Practical Investigation 8.1. Once again, you 
should show your results in a truth table similar to that shown in 


R3 0000 Fig.8.32. : : 
Conclusion: Verify that logic arrangements produce the 
OO ¢ GREED 0 0 G8 aC 6 OOO expected logical functions and truth tables. 
p 16 18 20 Part 9 


In Part 9, next month, we shall give the answers to 
this month’s questions and introduce microprocessors. In 
the meantime you might like to see how you get on with 
our online quiz for Part 8. You will find this at 
www.miketooley.info/tech-in/quiz8.htm 
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Readers’ Circuits 


Ingenuity Uniimited 


Our regular round-up of 
readers’ own circuits. 

We pay between £10 and 
£50 for all material pub- 
lished, depending on length 
and technical merit. We're 
looking for novel applications and circuit designs, not simply mechani- 
cal, electrical or software ideas. Ideas must be the reader's own work 


and must not have been published or submitted for publication else- 
where. The circuits shown have NOT been proven by us. /ngenuity 
Unlimited is open to ALL abilities, but items for consideration in this 
column should be typed or word-processed, with a brief circuit 
description (between 100 and 500 words maximum) and include a full 
circuit diagram showing all component values. Please draw all circuit 
schematics as clearly as possible. Send your circuit ideas to: 
Ingenuity Unlimited, Wimborne Publishing Ltd., 408 Wimborne Road 
East, Ferndown, Dorset BH22 9ND. (We do not accept submissions 
for IU via email). Your ideas could earn you some cash and a prize! 


Super Vibration Switch — 4 Gentle Jurn-on 


HE circuit in Fig.1 represents a sub- 

stantial increase in sensitivity com- 
pared to other designs. It is designed as a 
drop-in replacement for the traditional 
vibration switch. An indicator light D1 
indicates that vibration has been detected, 
and it has three terminals, +12V, OV, and 
OUT. OUT goes logic “high” when vibra- 
tion is detected. 


Circuit Details 

The Super Vibration Switch uses a 
cheap, standard piezo element which flex- 
es slightly in response to vibrations, thus 
creating a minute electrical output. At the 
heart of its “front end” (see Fig.1) is the 
veteran LM380N. This IC is chosen for its 
lightly biased inputs, its automatically cen- 
tred output, and its internal positive feed- 
back, which enormously amplifies the 
electrical output of piezo element X1. Not 
only this, but X1 is isolated from the rest of 
the circuit, so that supply decoupling is not 
a critical issue. 

Potentiometer VR1 biases the trigger 
input of monostable IC2. Since a single 
component (VR1) is used here, there is no 
danger of drift from mismatched tempera- 
ture coefficients. Capacitor Cl serves for 
DC blocking. 

IC2 is wired as a standard monostable 
timer. With the values of R2 and C3 as 
shown, this delivers a positive-going output 
pulse of about one second, illuminating LED 
D1. The author chose an ultrabright LED for 
D1, since this was easier to see at a distance. 
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Fig.1. Complete circuit diagram for the Super Vibration Switch 


IC2 includes a timed delay of a few seconds 
at reset pin 4 (R1 and C2), to prevent any 
spurious triggering at switch-on. 


Sensor Elements 

To mount the sensor (see Fig.2), the 
author drilled a 3mm hole at one edge of the 
piezo element, near the base of its wires, 
and soldered a washer to the hole. He insert- 
ed a 20mm long, 3mm diameter bolt 
through the washer, and secured the piezo 
element as shown. This assembly was then 
fixed to the PCB, with the bolt serving as 
the negative terminal. The “suspended” end 


of the piezo element ideally needs to be 
weighted, in such a way that most of the ele- 
ment will be free to flex. 

The greater the weight, the better, since 
that increases inertia. However, since this 
is a flimsy(ish) piezo element, it has a nat- 
ural limit. One could say a few grams. 

The Super Vibration Switch draws about 
13mA on standby. Therefore for long-term use 
it should use a regulated power supply. Attach 
a 12V battery or regulated power supply, and 
wait a few seconds for IC2 to reset. 

If LED D1 illuminates all the time, then 
VRI needs to be adjusted towards +12V. If 
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TERMINAL A ———> 


WEIGHT 


TERMINAL B 


Fig.2. Mechanical setup for the vibration element 


D1 does not illuminate at all, then VR1 needs to be adjusted 
towards OV. The Super Vibration Switch is best placed on a sur- 
face which is most directly affected by the vibration you want 
to pick up. 

If an ordinary encased piezo sounder is used in place of X1, 
the circuit may serve as a sensitive clap switch. Alternatively, a 
neodymium magnet may be used to weight the piezo element, 
in which case this would convert the circuit into a magnetic 
switch, responding to a moving magnet with a range of up to 
about 100mm. 

Without any special effort, the switch may be adjusted very 
sensitively indeed. The author’s prototype was capable of pick- 
ing up a pin striking a wooden floor at a few metres’ distance, 
and easily picked up the vibration of cars passing in the street. 

Thomas Scarborough 
Cape Town, South Africa. 


S IF there were no end to what may be 

done with the LM380N amplifier IC, 
the circuit in Fig.3 shows a Simple Sonar 
employing just four components. The cir- 
cuit description is equally simple. 

Piezo sounder X1 serves as a micro- 
phone, while piezo X2 serves as a sounder. 
When X1 and X2 are brought into close 
proximity, a feedback loop is created, so 
that X2 sounds loudly at its resonant fre- 
quency. Ideally X1 and X2 will be identi- 
cal; they are the usual cheap brass discs 
enclosed in plastic (without integral elec- 
tronic driver circuits). 

Resistor RI is necessary to limit output 
current. Its value may be reduced to as little 


x1 
PIEZO 
SOUNDER 


Fig.3. Full circuit diagram for the 
Simple Sonar 


as a few tens of ohms if desired, to increase 


Simple Sonar — “sco | ech 


circuit would work initially, but IC1 would 
soon go into thermal shutdown. 

X1 and X2 may be mounted a few 
centimetres apart — just far enough not 
to create feedback. When an object (e.g. 
a car bumper) comes within about 10cm 
of Xl and X2, piezo sounder X2 
screeches at its resonant frequency. 
Since the LM380N’s current consump- 
tion is not the most modest (about 12mA 
in this application), this circuit would 
ideally be run off a 12V DC plugpack 
power supply. 

Thomas Scarborough 
Cape Town, South Africa 


sensitivity by about a third. Without R1, the 


52 


Everyday Practical Electronics, June 2006 


EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE 


ELECTRONICS CD- 


ELECTRONICS PROJECTS 


Logic Probe testing 


Electronic Projects is split into two main sections: Building Electronic Projects 
contains comprehensive information about the components, tools and techniques 
used in developing projects from initial concept through to final circuit board 
production. Extensive use is made of video presentations showing soldering and 
construction techniques. The second section contains a set of ten projects for 
students to build, ranging from simple sensor circuits through to power amplifiers. A 
shareware version of Matrix’s CADPACK schematic capture, circuit simulation and 
p.c.b. design software is included. 

The projects on the CD-ROM are: Logic Probe; Light, Heat and Moisture Sensor; 
NE555 Timer; Egg Timer; Dice Machine; Bike Alarm; Stereo Mixer; Power 
Amplifier; Sound Activated Switch; Reaction Tester. Full parts lists, schematics 
and p.c.b. layouts are included on the CD-ROM. 


ELECTRONIC CIRCUITS & COMPONENTS V2.0 


Circuit simulation screen 


Provides an introduction to the principles and application of the most common types of 
electronic components and shows how they are used to form complete circuits. The 
virtual laboratories, worked examples and pre-designed circuits allow students to 
learn, experiment and check their understanding. Version 2 has been considerably 
expanded in almost every area following a review of major syllabuses (GCSE, GNVQ, 
A level and HNC). It also contains both European and American circuit symbols. 
Sections include: Fundamentals: units & multiples, electricity, electric circuits, 
alternating circuits. Passive Components: resistors, capacitors, inductors, 
transformers. Semiconductors: diodes, transistors, op.amps, logic gates. Passive 
Circuits. Active Circuits. The Parts Gallery will help students to recognise common 
electronic components and their corresponding symbols in circuit diagrams. 

Included in the Institutional Versions are multiple choice questions, exam style 
questions, fault finding virtual laboratories and investigations/worksheets. 


ANALOGUE ELECTRONICS 


Complimentary output stage 


Filter synthesis 


Analogue Electronics is a complete learning resource for this most difficult 
branch of electronics. The CD-ROM includes a host of virtual laboratories, 
animations, diagrams, photographs and text as well as a SPICE electronic circuit 
simulator with over 50 pre-designed circuits. 

Sections on the CD-ROM include: Fundamentals — Analogue Signals (5 
sections), Transistors (4 sections), Waveshaping Circuits (6 sections). Op.Amps 
— 17 sections covering everything from Symbols and Signal Connections to 
Differentiators. Amplifiers — Single Stage Amplifiers (8 sections), Multi-stage 
Amplifiers (3 sections). Filters — Passive Filters (10 sections), Phase Shifting 
Networks (4 sections), Active Filters (6 sections). Oscillators — 6 sections from 
Positive Feedback to Crystal Oscillators. Systems — 12 sections from Audio 
Pre-Amplifiers to 8-Bit ADC plus a gallery showing representative p.c.b. photos. 


DIGITAL ELECTRONICS V2.0 


Digital Electronics builds on the knowledge of logic gates covered in Electronic 
Circuits & Components (opposite), and takes users through the subject of digital 
electronics up to the operation and architecture of microprocessors. The virtual 
laboratories allow users to operate many circuits on screen. 

Covers binary and hexadecimal numbering systems, ASCII, basic logic gates, 
monostable action and circuits, and bistables — including JK and D-type flip-flops. 
Multiple gate circuits, equivalent logic functions and specialised logic functions. 
Introduces sequential logic including clocks and clock circuitry, counters, binary 
coded decimal and shift registers. A/D and D/A converters, traffic light controllers, 
memories and microprocessors — architecture, bus systems and their arithmetic logic 
units. Sections on Boolean Logic and Venndiagrams, displays and chip types have 
been expanded in Version 2 and new sections include shift registers, digital fault 
finding, programmable logic controllers, and microcontrollers and microprocessors. 
The Institutional versions now also include several types of assessment for 
supervisors, including worksheets, multiple choice tests, fault finding exercises and 
examination questions. 


ANALOGUE FILTERS 


Analogue Filters is a complete course in designing active and passive filters that 
makes use of highly interactive virtual laboratories and simulations to explain 
how filters are designed. It is split into five chapters: Revision which provides 
underpinning knowledge required for those who need to design filters. Filter 
Basics which is a course in terminology and filter characterization, important 
classes of filter, filter order, filter impedance and impedance matching, and effects 
of different filter types. Advanced Theory which covers the use of filter tables, 
mathematics behind filter design, and an explanation of the design of active 
filters. Passive Filter Design which includes an expert system and filter 
synthesis tool for the design of low-pass, high-pass, band-pass, and band-stop 
Bessel, Butterworth and Chebyshev ladder filters. Active Filter Design which 
includes an expert system and filter synthesis tool for the design of low-pass, 
high-pass, band-pass, and band-stop Bessel, Butterworth and Chebyshev 


ROMS 


ELECTRONICS 
CAD PACK 


PCB Layout 


Electronics CADPACK allows users to 
design complex circuit schematics, to view 
circuit animations using a unique SPICE- 
based simulation tool, and to design 
printed circuit boards. CADPACK is made 
up of three separate software modules. 
(These are restricted versions of the full 
Labcenter software.) ISIS Lite which 
provides full schematic drawing features 
including full control of drawing 
appearance, automatic wire routing, and 
over 6,000 parts. PROSPICE Lite 
(integrated into ISIS Lite) which uses 
unique animation to show the operation of 
any circuit with mouse-operated switches, 
pots. etc. The animation is compiled using 
a full mixed mode SPICE simulator. ARES 
Lite PCB layout software allows 
professional quality PCBs to be designed 
and includes advanced features such as 
16-layer boards, SMT components, and 
an autorouter operating on user generated 
Net Lists. 


ROBOTICS & 
MECHATRONICS 


Case study of the Milford 
Instruments Spider 


Robotics and Mechatronics is designed to 
enable hobbyists/students with little 
previous experience of electronics to 
design and build electromechanical 
systems. The CD-ROM deals with all 
aspects of robotics from the control 
systems used, the transducers available, 
motors/actuators and the circuits to drive 
them. Case study material (including the 
NASA Mars Rover, the Milford Spider and 
the Furby) is used to show how practical 
robotic systems are designed. The result 
is a highly stimulating resource that will 
make learning, and building robotics and 
mechatronic systems easier. The 
Institutional versions have additional 
worksheets and multiple choice questions. 
® Interactive Virtual Laboratories 
® Little previous knowledge required 
® Mathematics is kept to a minimum and 
all calculations are explained 
® Clear circuit simulations 


PRICES 


Prices for each of the CD-ROMs above are: 
(Order form on third page) 


Hobbyist/Student ..........::ccssecsssesessseseseessreneesnees £45 inc VAT 
Institutional (Schools/HE/FE/Industry).............. £99 plus VAT 
Institutional 10 user (Network Licence) £249 plus VAT 
Site LICONCO.wcscicscsecensecccscvescceineesecerccreessnecsncncents £499 plus VAT 
(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 
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PiCmicro TUTORIALS AND PROGRAMMING 


VERSION 3 PiCmicro MCU 
DEVELOPMENT BOARD 


Suitable for use with the three software packages 


listed below. 


This flexible development board allows students to learn 
both how to program PlCmicro microcontrollers as well as 
program a range of 8, 18, 28 and 40-pin devices from the 
12, 16 and 18 series PlCmicro ranges. For experienced 
programmers all programming software is included in the 
PPP utility that comes with the development board. For 
those who want to learn, choose one or all of the packages 


below to use with the Development Board. 


@ Makes it easier to develop PlCmicro projects 

® Supports low cost Flash-programmable PlCmicro devices 

® Fully featured integrated displays — 16 individual I.e.d.s, 
quad 7-segment display and alphanumeric I.c.d. display 

® Supports PICmicro microcontrollers with A/D converters 

® Fully protected expansion bus for project work 


@ USB programmable 


® Can be powered by USB (no power supply required) 


HARDWARE 


supplied with USB cable and 
programming software 


SOFTWARE 


Suitable for use with the Development Board shown above. 


ASSEMBLY FOR P!iCmicro V3 
(Formerly PiCtutor) 


Assembly for PICmicro microcontrollers V3.0 
(previously known as PlCtutor) by John 
Becker contains a complete course in 
programming the PIC16F84 PiCmicro 
microcontroller from Arizona Microchip. It 
starts with fundamental concepts and 
extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 
The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PlCmicro  micro- 
controller. This is a simulation tool that 
allows users to write and execute MPASM 
assembler code for the PIC16F84 
microcontroller on-screen. Using this you 
can actually see what happens inside the 
PiCmicro MCU as each instruction is 
executed which enhances understanding. 

® Comprehensive instruction through 45 
tutorial sections ®@ Includes Vlab, a Virtual 
PlCmicro microcontroller: a fully functioning 
simulator ® Tests, exercises and projects 
covering a wide range of PlCmicro MCU 
applications ® Includes MPLAB assembler 
® Visual representation of a PlCmicro 
showing architecture and functions @ 
Expert system for code entry helps first time 
users ® Shows data flow and fetch execute 
cycle and has challenges (washing 


machine, lift, crossroads etc.) ® Imports 
MPASM files. 


SS 
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‘C’ FOR PiCmicro 
VERSION 2 


The C for PlCmicro microcontrollers CD- 
ROM is designed for students and 
professionals who need to learn how to 
program embedded microcontrollers in C. 
The CD contains a course as well as all the 
software tools needed to create Hex code 
for a wide range of PlCmicro devices — 
including a full C compiler for a wide range 
of PlCmicro devices. 

Although the course focuses on the use of 
the PlCmicro microcontrollers, this CD- 
ROM will provide a good grounding in C 
programming for any microcontroller. 

@ Complete course in C as well as C 
programming for PICmicro microcontrollers 
®@ Highly interactive course @ Virtual C 
PlCmicro improves understanding ®@ 
Includes a C compiler for a wide range of 
PICmicro devices ® Includes full Integrated 
Development Environment ® Includes 
MPLAB software ® Compatible with most 
PlCmicro programmers ® Includes a 
compiler for all the PlICmicro devices. 


a 
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Minimum system requirements for these 
items: Pentium PC running Windows 98, 
NT, 2000, ME, XP; CD-ROM drive; 
64MB RAM; 10MB hard disk space. 


FLOWCODE FOR P!Cmicro V2 


Flowcode is a very high level language 
programming system for PlCmicro 
microcontrollers based on_ flowcharts. 
Flowcode allows you to design and simulate 
complex robotics and control systems in a 
matter of minutes. 

Flowcode is a powerful language that uses 
macros to facilitate the control of complex 
devices like 7-segment displays, motor 
controllers and l.c.d. displays. The use of 
macros allows you to control these 
electronic devices without getting bogged 
down in understanding the programming 
involved. 

Flowcode produces MPASM code which is 
compatible with virtually all PlCmicro 
programmers. When used in conjunction 
with the Version 2 development board this 
provides a seamless solution that allows 
you to program chips in minutes. 

® Requires no programming experience 

@ Allows complex PlCmicro applications to 
be designed quickly ® Uses international 
standard flow chart symbols (ISO5807) @ 
Full on-screen simulation allows debugging 
and speeds up the development process 
® Facilitates learning via a full suite of 
demonstration tutorials ® Produces ASM 
code for a range of 18, 28 and 40-pin 
devices ® Professional versions include 
virtual systems (burglar alarm, buggy and 
maze, plus RS232, IrDa etc.). 


Re eee ioe aise) 44 KOS SOr ess © THU 


PRICES 


Prices for each of the CD-ROMs above are: 
(Order form on next page) 


Hobbyist/Student 


Flowcode V2 Hobbyist/Student 
Instltutional (Schools/HE/FE/Industry) 


Flowcode Professional 


Institutional/Professional 10 user (Network Licence) 


Site Licence 


£45 inc VAT 
£57 inc VAT 
£99 plus VAT 
£99 plus VAT 
£300 plus VAT 
£599 plus VAT 


(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 
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TEACH-IN 2000 - LEARN ELECTRONICS WITH EPE 


EPE’s own Teach-In CD-ROM, contains 
the full 12-part Teach-in 2000 series by 
John Becker in PDF form plus the Teach- 
In interactive software (Win 95, 98, ME 
and above) covering all aspects of the 
series. We have also added Alan 
Winstanley’s highly acclaimed Basic 
Soldering Guide which is fully illustrated 
and which also includes Desoldering. The 
Teach-In series covers: Colour Codes and 
Resistors, Capacitors, Potentiometers, 
Sensor Resistors, Ohm’s Law, Diodes 
and L.E.D.s, Waveforms, Frequency and 
Time, Logic Gates, Binary and Hex Logic, 
Op.amps, Comparators, Mixers, Audio 
and Sensor Amplifiers, Transistors, 
Transformers and Rectifiers, Voltage 
Regulation, Integration, Differentiation, 7-segment Displays, L.C.D.s, Digital-to-Analogue. 
Each part has an associated practical section and the series includes a simple PC 
interface (Win 95, 98, ME ONLY) so you can use your PC as a basic oscilloscope with the 
various circuits. 

A hands-on approach to electronics with numerous breadboard circuits to try out. 


£12.45 including VAT and postage. Requires Adobe Acrobat (available free from the 
Internet — www.adobe.com/acrobat). 


FREE WITH EACH TEACH-IN CD-ROM — Understanding Active Components booklet, 
Indentifying Electronic Components booklet and The Best Of Circuit Surgery CDROM. 


FREE TWO 
BOOKLETS 
PLUS CD-ROM 
WITH 
TEACH-IN 
2000 


Sine wave relationship values 


PROJECT DESIGN WITH CROCODILE TECHNOLOGY 


An Interactive Guide to Circuit Design 


An interactive CD-ROM to guide you through the process of circuit design. Choose from an extensive range of input, 
process and output modules, including CMOS Logic, Op-Amps, PIC/PICAXE, Remote Control 

Modules (IR and Radio), Transistors, Thyristors, Relays and much more. 

Click Data for a complete guide to the pin layouts of i.c.s, transistors etc. Click More Information 
for detailed background information with many animated diagrams. 

Nearly all the circuits can be instantly simulated in Crocodile Technology” (not 
included on the CD-ROM) and you can customise the designs as required. 


WHAT’S INCLUDED 
Light Modules, Temperature Modules, Sound Modules, Moisture Modules, Switch 
Modules, Astables including 555, Remote Control (IR & Radio), Transistor Amplifiers, 
Thyristor, Relay, Op-Amp Modules, Logic Modules, 555 Timer, PIC/PICAXE, Output 
Devices, Transistor Drivers, Relay Motor Direction & Speed Control, 7 Segment Displays. 
Data sections with pinouts etc., Example Projects, Full Search Facility, Further 
Background Information and Animated Diagrams. 
Runs in Microsoft Internet Explorer 
*All circuits can be viewed, but can only be simulated if your computer has Crocodile 
Technoloy version 410 or later. A free trial version of Crocodile Technology can be 
downloaded from: www.crocodile-clips.com. Animated diagrams run without Crocodile Technology. 
Single User £39.00 inc. VAT. 
Multiple Educational Users (under 500 students) £59.00 plus VAT. Over 500 students £79.00 plus VAT. 
(UK and EU customers add VAT at 17-5% to “plus VAT” prices) 


DIGITAL WORKS 3.0 


Counter 
project 


Digital Works Version 3.0 is a graphical 
design tool that enables you to construct 
digital logic circuits and analyze their 
behaviour. It is so simple to use that it will 
take you less than 10 minutes to make your 
first digital design. It is so powerful that you 
will never outgrow its capability @ Software 
for simulating digital logic circuits @Create 
your own macros — highly scalable @Create 
your own circuits, components, and i.c.s 
®@Easy-to-use digital interface @Animation 
brings circuits to life @Vast library of logic 
macros and 74 series i.c.s with data sheets 
®@Powerful tool for designing and learning. 
Hobbyist/Student £45 inc. VAT. 
Institutional £99 plus VAT. 

Institutional 10 user £249 plus VAT. 

Site Licence £599 plus VAT. 


ELECTRONIC 
COMPONENTS PHOTOS 


A high quality selection of over 200 JPG 

images of electronic 

components. This 

selection of high EE 
ene 


resolution photos can be 
used to enhance 
projects and 
presentations or to help 
with training and 
educational material. 
They are royalty free for 
use in commercial or 
personal printed projects, and can also be 
used royalty free in books, catalogues, 
magazine articles as well as worldwide web 
pages (subject to restrictions — see licence for 
full details). 

Also contains a FREE 30-day evaluation of 
Paint Shop Pro 6 — Paint Shop Pro image 
editing tips and on-line help included! 


Price £19.95 inc. vaT 


Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk space. Windows 95/98/NT/2000/ME/XP, mouse, sound card, web browser. 


Please sendme: CD-ROM ORDER FORM 


Electronic Projects 
Electronic Circuits & Components V2.0 
Analogue Electronics 
Digital Electronics V2.0 <2) 
ppeloace ie Back 

lectronics ac 
Robotics & Mechatronics op ee 
Assembly for PICmicro V3 3.4 
‘C’ for PiCmicro V2 neem 
Flowcode V2 for PICmicro 
Digital Works 3.0 


Version required: 

CL] Hobbyist/Student 

L] Institutional 

L] Institutional/Professional 10 user 
L 


Site licence 


PiCmicro Development Board V3 (hardware) 


Teach-In 2000 + FREE BOOK 

Electronic Components Photos 

Project Design — Single User 

Project Design — Multiple User (under 500 students) 
Project Design — Multiple User (over 500 students) 


Note: The software on each version is 
the same, only the licence for use varies. 


OOOOO OF OOOOOOOOooo 


CO | enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for £ 
CO Please charge my Visa/Mastercard/Amex/Diners Club/Switch: £ 


ValiGFMOM: sawed snteon sigan duced Card expiry date: o..: ce cia pane te dea eue aed gatins 
GAT GINOE fdr cette caca Starnes ae A staan acrerenal pace Batts lita ee at yates seth de tape Switch Issue No. ......... 
Card Security Code.......... (The last 3 digits on or just under the signature strip) 

bee eles See ee ee eee eee eee eee cece eee eee eee 
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ORDERING 
ALL PRICES INCLUDE UK 
POSTAGE 


Student/Single User/Standard Version 
price includes postage to most 
countries in the world 
EU residents outside the UK add £5 for 
airmail postage per order 
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PHONESRING 


UK, US and European ring tones 
plus a basic test 


By TERRY DE VAUX-BALBIRNIE 


HIS circuit will ring a telephone in the 

UK, US or European style and also per- 
form a basic check on the speech circuit. Of 
course, some people will wish to construct 
it for only one of these purposes. 

One application would be to ring a phone 
for a stage production. The effect would be 
convincing to the audience (not usually the 
case when a person offstage using a bell 
push, battery and buzzer tries to imitate the 
UK style ring!). 

The circuit will operate either a modern 
electronic phone or a traditional one having 
a mechanical sounder. It could therefore be 
useful for period productions. Note, how- 
ever, that any traditional phone would need 
to be fitted with a modern BT type plug and 
converted as necessary. 

Tape recorded telephone rings are some- 
times used for plays but these are never 
altogether satisfactory. One reason is that 
it is usually obvious to the audience that 
the sound is not coming from the phone. A 
further point is that the operator off-stage 
needs to stop the tape machine as soon as 
the person lifts the receiver and this requires 
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some care. With this device, the ringing 
stops as the handset is lifted. 

Being self-contained and battery oper- 
ated, the unit may be taken to a car boot sale 
to check phones offered for sale. Bargains 


UK RING 


O 075) 4120 


US RING 


OF 0'o 4:0 


AVERAGE EUROPEAN RING 


1:5 2:0! (2:5° 3:0) 3.5 4:0 475 


are to be had but there is also a lot of rub- 
bish on offer. 


Appearance 

The circuit is built in a plastic box (see 
photograph). On the side, there are four 
switches labelled ON, RING/SHOW, TEST 
and UK/US/EUR. The latter is a rotary unit 
which selects the ring style. There is also a 
neon indicator and a control which varies the 
ring signal frequency. This is not normally 


1.5 2.0 25 3.0 35 40 45 50 55 6.0 6:5 7.0 7.5 8.0 


0:0) 10:5) 36:0! }G:5') 7.0) 7:5') 8:0) 


eee 


0 0:5 1:0 


WES) 220-225) 3-00 2325) 4:0) 7455) 85:0 (5:5) 16:0) 16'S) 7-00 7258 18:0 


Fig.1: Cadence of UK, USA and average European ring styles 
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used for modern telephones but may need 
to be adjusted when using old units having 
a mechanical bell system. On top of the box 
there is a UK-style telephone socket. 

The RING/SHOW switch may be used 
to start the ringing cycle at the right time. 
This is useful for stage performances. For 
example, for the UK tone, it is best for the 
phone to “switch on” just before the double 
ring. With the switch set to SHOW, the neon 
indicator will flash in sympathy with the ring 
signal. The user then switches to RING at 
the chosen moment. The TEST pushbutton 
switch allows the user to listen to his or her 
own voice through the earpiece. More will 
be said about this later. 


Dead Ringer 

A double ring cadence (ring-ring .... 
ring-ring) is used in the UK, Australia, the 
Irish Republic and several other countries. 
This generally follows the pattern 0-4s on, 
0-2s off, 0-4s on, 2s off then repeat. One 
cycle therefore occupies three seconds. 
Other countries usually use some form of 
single ring (although a continuous tone is 
occasionally found). 

The North American model follows the 
pattern two seconds on, four seconds off 
then repeat — the cycle taking six seconds. In 
continental Europe, the ring tone is generally 
on for one second and off for three or four 
seconds. In France, it is on for 1-5 seconds 
and off for 3-5 seconds. Due to the wide 
variation in detail of European ring tones, 
this circuit is set to give an average effect 
of one second on and four seconds off as 
used, for example, in Germany, Italy and 
the Netherlands. Fig.1 shows the UK, US 
and “average European” cadence. 

It is said that television viewers in the 
United States are familiar with the UK-style 
double ring tone because it is often heard 
in programmes broadcast there. This leads 
many people to think that it is the pattern 
used throughout Europe. Nothing could be 
further from the truth! 

However, knowing that this misconcep- 
tion exists, the UK ring tone is often used by 
American producers for a programme set in 
any European country and this perpetuates 
the myth. On the other hand, those living 
in the UK are familiar with the single ring 
pattern heard when on holiday in the USA 
or on the continent, but many do not know 
that variations exist between the various 
countries. 


Facts and Figures 

Whatever the pattern, the ringing signal 
comprises bursts of alternating current (in 
Europe the frequency is usually 25Hz while 
in the US it is 20Hz). The signal is then sent 
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along the telephone line at some 70 volts. 
The value varies from country to country 
(it may be as high as 150V) and falls with 
increasing load (the number of telephones 
connected to the line). Using a high-voltage 


PC board coded 574, available 

from the EPE PCB Service 

plastic case, size 150 x 100 

x 60mm 

small form UK secondary 

telephone socket (65mm 

square — see text) 

3VA 230V min. mains 

transformer, 12V-O0V-12V 

secondary 

wire-ended neon indicator (no 

series resistor) — see text 

8-pin d.i.l. socket 

14-pin d.i.l. socket 

16-pin d.i.l. socket 

9V battery pack, with holder 

plastic control knobs 
multistrand connecting wire; single 

link wire; small fixings; solder 

etc. 


Switches 
4-way d.i.l. switch (see text) 
3-pole 4-way rotary switch (see 
text) 
min. pushbutton switch, push-to- 
make 
s.p.s.t. toggle switch, 2A 
s.p.s.t. toggle switch 1A 230V 
a.c. 


system reduces the voltage drop across the 
resistance of a long telephone line. 

The operating frequency is not critical 
when using an electronic phone. However, 
old units having a mechanical ringer need a 


Semiconductors 

111N4148 signal diodes 
1N4001 rectifier diode 
1N5817 Schotty diode 
2N3702 pnp transistor 
2N3704 npn transistor 
BUZ11A n-channel power 
MOSFET or similar 
555 timer i.c. 
556 dual timer i.c. 
4017 decade counter i.c. 


Capacitors 

1 470u radial elect. 16V 

6 10n metallised polyester 
5 100n metallised polyester 


Resistors (0-25W, 5% except where 
indicated) 

1 470k 

1 680k 

11M 

5 2M2kQ 
1 10k 0-6W metal film 


3 5k6 
3 47k 
1 100k 
1 150k 


Potentiometers 

1 470k min. rotary carbon, lin. 

1 2M2 round carbon present, vert. 
1 4M7 round carbon present, vert. 
1 10M round carbon preset, vert. 
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signal of the frequency it was designed for. 
This type of sounder comprises a pivoted 
arm which moves a clapper between a pair 
of bells. In the UK it appears that these 
are tuned to a musical interval of a fifth to 
produce the familiar chord. 

For the arm to vibrate most efficiently so 
that the bells are struck as hard as possible 
and so give the loudest sound, the signal 
must be set to the natural frequency of 
vibration of the system — that is, it should 
resonate. To achieve this, the frequency 
adjustment control may be used to tune the 
circuit for best results. In fact, tests using 
the prototype unit showed that the frequency 
is not too critical. 


Circuit Description 


The complete circuit diagram for the Phone 
Ring & Test circuit is shown in Fig.2. 

Assume for the moment, that rotary selec- 
tor switch S4 is set to “UK”. Current flows 
from the 9V battery through On-Off switch 
S5 and diode D13. The diode provides re- 
verse-polarity protection. Thus, if the supply 
were to be connected the wrong way round, it 
would be reverse-biased and nothing would 
happen. Capacitor C12 provides a reserve of 
charge and prevents excessive “dipping” of 
the supply voltage on high-current peaks. 

Look at ICla which is one section of a 
dual timer integrated circuit, type 556, This 
is configured as an astable (pulse generator) 
which provides a continuous train of pulses 
at its output (pin 5). The other section, IC1b, 
is also used as an astable and is associated 
with the single ring style phones. This will 
be looked at presently. 

The astable frequency is determined by 
the values of resistors R1, R3 and R4, preset 
potentiometers VR1 and VR3 and capaci- 
tor C1. Ignore resistor R3 and VR3 for the 
moment — these are usually short-circuited 
by the normally on state of transistor TR1 
and therefore have no effect. The reason for 
including them will be explained presently. 
Preset VR1 is used to adjust the frequency 
to 5Hz (five pulses per-second) at the end of 
construction. Capacitor CS is for decoupling 
and C3 is the bypass capacitor needed for 
the bipolar timer. 


Clock Watching 


The next section is based on IC2, a dec- 
ade counter. Pulses from ICla output pin 
5 are applied to its clock input, pin 14, via 
capacitor C6. Resistor R9 keeps IC2 clock 
input low between pulses and resistor R6 (in 
conjunction with R9) provides a discharge 
path for C6. On the arrival of successive 
pulses, each of IC2’s ten outputs 0 to 9 go 
high in turn for 0-2 seconds, then the proc- 
ess repeats. 
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WARNING 


The voltage of the ringing signal 
is high enough to deliver a painful 


and potentially dangerous shock 
— take extreme care when testing 
or while making any adjustments 
to the unit 


IC2 output QO is initially high so, on 
the arrival of the first and second pulses, 
output Q1 then output Q2 go high taking 
0-4 seconds altogether. There is then an off 
period of 0-2 seconds while unconnected 
output Q3 goes high. This is followed by 
outputs Q4 and Q5 going high, again, taking 
0-4 seconds. Each high state proceeds to the 
“UK” contact of selector switch S4a, via one 
of the group of diodes D4 to D7. 

Although this provides a basic UK-type 
ring signal, the repeat time is too short. To 
produce the correct delay, we need an off 
period of two seconds. As the circuit stands, 
it would give a delay of only one second (the 
time taken for unused outputs Q6, Q3 and 
QO to go high). To increase it, the astable 
is temporarily slowed down. This is done 
by turning transistor TR1 off for part of the 
cycle so that fixed resistor R3 and preset 
VR3 become active. 

Since TRI is a pnp device, it will be 
switched off when its base (b) is made high. 
However, it is kept normally on by making 
the base low via resistor R8. Assuming 
switch S1 is on, IC2 output Q7 is connected 
through diode D1 to TR1’s base so that when 
this output goes high, TR1 switches off and 
the astable rate is reduced. 

Diodes D2 and D3 are associated with IC2 
outputs Q8 and Q9 and may be “switched 
in” by closing S2, or S2 and S3, as neces- 
sary. This, together with some adjustment to 
preset VR3 will provide the correct timing. 
With switches S1 to S3 all off, the circuit 
functions without additional delay and this 
will aid setting-up at the end. 


Making the Switch 


The signal at the pole of switch S4a is 
applied to IC4’s reset input, pin 4. IC4 is a 
further timer i.c. configured as an astable. 
With its reset pin high, it is enabled and 
output pin 3 provides bursts of pulses at a 
nominal frequency of 20Hz in sympathy 
with the ring pattern. 

The frequency is determined by the values 
of fixed resistors R12 and R13, potentiometer 
VR4, and capacitor C9. Fixed resistor R14 
maintains IC4’s reset input normally low and 
prevents false operation. Capacitor C10 is for 
decoupling and C11 is the bypass capacitor. 

Although the signal at IC4 pin 3 now has 
the correct form, it is only at the nominal 


supply voltage of 9V so must be increased 
before it will ring a telephone. 


Inversion 

For this, the signal splits into two paths. 
One is via resistor R15 to the base of npn 
transistor TR2. An inverted signal therefore 
appears at its collector. Thus, when the base 
is high, the collector (c) will be low and vice 
versa. At the same time, a signal is obtained 
direct from IC4 pin 3. The two signals are 
applied to the gates of MOSFETs TR3 and 
TR4 respectively. 

The MOSFETs therefore switch on in 
turn as each gate (g) goes high. Current 
flows from supply positive through either 
the top or bottom section of transformer 
Tl’s “primary” winding, returning to 0V 
via the conducting MOSFET. 

Transformer T1 is a mains step-down 
unit used in reverse — that is, the winding 
intended to be the primary is used as the 
secondary and vice versa. Instead of reduc- 
ing the voltage, it therefore increases it. 
Note that the labelling of the primary and 
secondary windings in Fig.2 refers to the 
way it would be used conventionally. 

In this circuit, the waveform is not sinu- 
soidal and the frequency is lower than mains 
frequency so the value of the final voltage 
is not easy to predict. However, measure- 
ment shows that it is some 100 volts peak 
on load using a 9V supply. This will vary 
between different transformers and will 
fall as the battery ages, but its value is not 
particularly critical. 

Using the transformer in this way is in- 
efficient and quite a high current is drawn 
from the supply — approximately 1A peak, 
although the average value is only about 
500mA. This fairly high current drain is 
unimportant because the unit will not be 
used for long periods. The circuit will op- 
erate satisfactorily until the battery voltage 
falls to about 6V. 


Back E.M.F. 


The circuit generates a high voltage 
“spike” in the opposite direction to that of 
the supply (back e.m.f.) each time current 
flowing though a transformer primary half- 
winding is interrupted. This could destroy 
semiconductor devices if they were not 
protected. This is the purpose of Schottky 
diode D12 connected directly between the 
power supply rails. 

As far as the supply is concerned it does 
nothing because it is reverse biased. How- 
ever, to any reverse “spikes”, it will be for- 
ward biased and the energy will be shunted 
through the diode. Note that the MOSFETs 
are not protected in this way but these will 
withstand the voltage spikes. 
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Neon indicator LP1 operates through 
RING/SHOW switch S7 (when set to 
SHOW) and resistor R18. This allows the 
“rings” to be monitored silently. Neon gas 
requires some 65 volts to conduct and re- 
sistor R18 “drops” the excess voltage and 
limits the current. 

Operation might be unstable if the trans- 
former output were not supplying current 
during the whole of a “ring”. Normally, 
no current would be drawn until the neon 
“struck”. Such problems are avoided by 
connecting resistor R17 between switch S7’s 
SHOW contact and OV. With switch S7 set 
to RING, the signal is applied to terminals 
3 and 5 (ringer input) of the telephone 
socket, SK1. 


Time Difference 


Now let us look at the US ring pattern 
(switch S4 set to “US”). The astable centred 
on IC1b is now used together with decade 
counter IC3. Resistors R2 and R5, in con- 
junction with preset VR2 and capacitor C2, 
determine the operating frequency. Preset 
VR2 will be set to provide one pulse per 
second at the end of construction. 

The pulses are transferred from IC1b 
output pin 9 to IC3 clock input pin 14, via 
capacitor C7 which operates in conjunc- 
tion with fixed resistors R7 and R1O in the 
same way as for the UK section. Each of 
IC3’s outputs therefore go high in turn for 
one second. 

Since output QO is initially high, on the 
arrival of the first and second pulses, outputs 
Q1 and Q?2 will go high, taking two seconds 
altogether. Switch S4b allows the signal 
from outputs QI and Q2 (via diodes D8 
and D9) to proceed to switch S4a’s pole, 
so a two-second high pulse appears at IC4’s 
reset input (pin 4). 

There follows a three second “off” period 
while IC3 unused outputs Q3 to Q5 go high. 
When output Q6 does so, a pulse is applied to 
IC3’s reset input via diode D1 1 and capacitor 
C8 and this returns the counter to output QO. 
Resistor R11 keeps the reset pin normally 
low and prevents false operation. 

It takes a further one second for output Q1 
to go high then the cycle repeats. The total 
“off” period is therefore four seconds. IC4 
output pin 3 provides the US ring timing and 
its voltage is boosted by transformer T1 in 
the same way as for the UK signal. 

To produce the European ring tone, 
switch S4 is set to “EUR”. Selector switch 
S4b removes diode D8 from the circuit, so 
instead of a two-second “on” state, this is 
reduced to one second. Also, switch S4c 
provides a reset pulse from IC3 output Q5, 
via diode D10, to maintain the correct “off” 
time of four seconds. 
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3.35in (85mm) 


3.94in (100mm) 


Fig.3: Full-size underside copper track master for the Phone Ring & Test board 


Check It Out 


Pushbutton TEST switch S6 connects the 
9V supply between terminals 2 and 5 of the 
telephone socket. This allows the phone to 
operate in “talk” mode. However, since there 
is only one telephone involved, you will have 
to be content with talking to yourself! 

Perhaps you have never noticed when 
making a call that you hear your own voice 
in the earpiece as well as that of the person 
at the other end (this is called the side-tone). 
Its absence is interpreted by the user as a 
“dead” phone. It also helps the user regulate 
his or her speaking volume (although in 
many cases it doesn’t help!). 


Construction 

The component and track layout details 
for the printed circuit board for the Phone 
Ring & Test circuit are shown in Fig.3 and 
Fig. 4. This board is available from the EPE 
PCB Service, code 574. 

Solder the i.c. sockets and link wire in 
place. Solder the four d.i.l. (dual-in-line) 
switches (only three are actually used but it 
seems that 3-way units are not readily avail- 
able). Follow with all resistors, presets VR1 
to VR3, and capacitors. Note that resistor R17 
is situated off-board. Take care to observe the 
polarity of electrolytic capacitor C12. 


Solder the diodes and transistors TR1 
and TR2 in place, taking care over their 
orientation. Note that the flat face of TR1 
is to the left while that of TR2 is to the 
right. Solder pieces of light-duty stranded 
connecting wire to all the points indicated 
— using different colours will help to avoid 
errors later. 

To prevent possible damage to the 
MOSFETs, remove any static charge from 
the body by touching something which is 
earthed before handling them. Solder the 
MOSFETs in place ensuring that their metal 
tabs do not touch. 

Perform a thorough check of the assembly 
so far and check that when the power is ap- 
plied, +9V (battery voltage) appears at the 
IC holder pins as shown in Fig.2. 

Insert IC2 and IC3 into their sockets, 
again observing the same anti-static pre- 
cautions. Insert IC1 and IC4. Do not use 
the CMOS equivalents (7556/7555) — the 
specified bipolar units are more robust for 
the purpose. Adjust the presets to approxi- 
mately mid-track position. 


Boxing Up 

Drill holes in the box for p.c.b. and 
transformer mounting, and also for a 
bracket to secure the batteries. Drill holes 
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for the switches and for the neon indica- 
tor (the author used the body of an old 
l.e.d. indicator with the neon tube glued 
inside). 

Cut a “window” in the lid for the tel- 
ephone socket terminals and attach the 
socket (see photograph). It will be easier 
to use the type having screw terminals 
rather than IDC connectors which need 
a special tool to fit the wires. Readers in 
other countries will need to obtain the 
correct type of socket and wire it up in 
the appropriate way. Remove the securing 
nut and tab washer from the bush of rotary 
switch $4. Adjust the position of the tab 
so that the switch is “stopped” with only 
three positions. 

Attach the p.c.b. on short spacers and 
fit all remaining parts. Refer to Fig.4 and 
complete the interwiring. Resistor R17 
is hard-wired between the SHOW tag of 
switch $7 and OV (pin 5 of the telephone 
socket). The diagram shows the conven- 
tional numbering of S4’s tags. Apply 
strain relief to the telephone socket wires 
so that they cannot pull free when the lid 
is removed. 

The transformer used in the prototype 
unit had integral leads. If the unit used has 
solder tags, those used for the ringer must 
be insulated so that they cannot be touched 
when the lid is removed. If the transformer 
has twin 120V primary windings, connect 
them in series. If there are two separate 
12V windings, connect them in series with 
the common (c) connection taken to the 
mid-point. 


Testing 


Important note: the voltage of the 
ringing signal is high enough to deliver a 
painful and potentially dangerous shock 
— take care while adjusting! 

The circuit is best set up by observing the 
neon indicator (switch S7 set to SHOW). 
Set switches S1 to S3 Off (the bottom one 
in the group does nothing so may be left 
in either position). This disables the “ad- 
ditional delay” aspect of the circuit. Set 
Frequency control VR4 to approximately 
mid-track position. 

Connect the batteries, set the selector 
switch $4 to “UK” and switch on. The neon 
indicator should emit double flashes. Adjust 
VRI so that the time for one cycle is two 
seconds (30 cycles per minute). Now, switch 
S1 on. Re-test and note that the timing has 
increased. 

Adjust preset VR3 so that each cycle 
takes three seconds (20 cycles per minute). 
If this is found to be impossible, switch S2 
on also and, if necessary, all three switches 
SI to $3. 
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Layout of components inside the plastic case. The transformer is bolted to one 
side panel and the phone socket mounted on the lid 


In the Mode 


It is now necessary to adjust the circuit 
for US and European tones. Set the selector 
switch to “US” — the neon should emit sin- 
gle flashes. Adjust preset VR2 so that each 
cycle takes six seconds (10 per minute). It 
should now operate for two seconds on and 
four seconds off. When switched to “Euro”, 
it should provide one second on and four 
seconds off automatically. Test using a 


telephone (switch S7 set to RING). If you 
have a traditional unit, adjust VR4 to give 
the loudest sound. 

Set switch S7 to SHOW and press TEST 
button S6. Speak or blow into the micro- 
phone. If you hear it in the earpiece, the 
speech circuit is working (ignore the fact 
that it may not be very loud or clear and 
you will hear some breakthrough of the ring 
signal). EPE 
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Regular Clinic 
Circuit 


lan Bell 


HIS month we look at a query from the 

EPE Chat Zone from member Kenon, 
which refers to the circuit in Fig.1 and rais- 
es some issues about the output capabili- 
ties of op amps: 

“When the load is disconnected, the out- 
put voltage of the op amp is 5V. On the 
other hand, when the load is connected 
with the op amp, the voltage across the 
load is zero. I found that the output resis- 
tance of LM741 is 75Q. Is it the problem of 
impedance mismatch or the op amp has not 
enough power to drive the load?” 


The simple answer, as was quickly pointed 
out on the forum, is that a 5V output from the 
op amp into 192 would require 5A — well 
beyond the capabilities of the 741. In fact the 
741 has short circuit protection, limiting the 
output current to 25mA, which corresponds 
to 25mV across 1Q, probably much lower 
than the intended output voltage. 


Op amp Outputs 

In response to this question, we will look 
at the output capabilities of op amps in a lit- 
tle more detail, starting with the output resis- 
tance. The question also raises the issue of 
impedance matching, which often causes 
difficulties, so we will look at that too. We 
will also look at the output short circuit pro- 
tection which enables the 741 (and most 
other op amps) to survive having 
its output shorted to ground. 

The datasheet value for the 
741’s output resistance, as Kenon 
mentions is 75@. However, the 
output resistance of the inverting 
amplifier configuration used in the 
circuit in Fig.1 is much less than 
this due the beneficial effects of 
the negative feedback used. Fig.2 
shows Fig.1 redrawn for looking 
at the output resistance. 


Op amp Output Capabilities 


In Fig.2 we have removed the trouble- 
some load, included a voltage source to 
represent the op amp’s output signal, and 
added a resistor to represent the output 
resistance of the op amp. The full analy- 
sis involves setting V;, = 0, applying a 
voltage to the circuit output and finding 
the resulting current. We will just skip to 
the result. 


Finding Output Resistance 

The output resistance of the inverting 
amplifier circuit as a whole, Roy, see 
Fig.2, is related to the output resistance of 
the op amp, Ro, by 


R 
Ro. =o 
~ 1+fA 

where A is the open loop gain of the op 
amp and f is the feedback fraction, that is 
the proportion of the output signal that is 
fed back to the op amp’s inverting input. 
This is given by the “potential divider for- 
mula” for R; and R>. 


R, 
R, oF R, 


For Kenon’s circuit Ry; = 10k and R, = 
500k so B = 10/510 = 0-0196. 


For a typical open loop gain of 200000 
for the 741 (quoted as 200V/mV on the 
datasheet) the output resistance is just 
under 0-02Q: 


75 


Row = 77.0196 x 200000) ~ O19 


Now we know the output resistance we 
can consider matching and _ loading. 
Although we have already stated that the 
problem with the circuit is due to over- 
loading, we can have a look at matching 
and see if that is a problem as well. We will 
imagine for a while that the op amp’s out- 
put current is not limited. 

There are a number of different scenarios 
and problems which could be put under the 
heading of “matching”, but here we have 
what is probably the simplest case — that of a 
source with resistance Rs connected to load 
of resistance Ry as shown in Fig.3. 


Matching 

The matching problem is basically one of 
choosing the most appropriate R,, given that 
we know Rg (or vice versa). Of course if Ry 
and Rg are already determined 
we can work out what is going 
to happen using the same 
theory. 

The two resistances in Fig.3 
form a potential divider. Thus 
the voltage across the load is 
given by: 


SOURCE 


Fig.2. Inverting op amp amplifier showing 
op amp output resistance, Ro, and equiv- 
alent circuit for the complete amplifier with 
output resistance Rout 


Fig.3. A source and load connected 
together 


Fig.1. Kenon’s original circuit 
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We get this equation by using Ohm’s law 
to get the current through the two resis- 
tances (Vg divided by the total resistance: 
R, plus Rg) and applying Ohm’s law again 
to get the voltage drop across Ry (by mul- 
tiplying the current by R;). 

From the equation we see that if we want 
V, to be as large as possible then R;, must 
be much larger than Rg. If Ry is very much 
larger than Rg then the load voltage is 
effectively equal to the source voltage. 

The current in the load is given by 


Vs 


Me ea 


Thus if we want the current in the load to 
be as high as possible we need to make Z; 
much smaller than Z;. As might be expect- 
ed this is the opposite requirement to the 
one for maximising the voltage across the 
load. 


Unmatched Load and Source 

Given that the term “matching” might 
imply Rg = R,, the two scenarios we have 
just looked at — maximum V, by making 
R, much larger than Rs, and maximum I, 
by making Ry, much smaller than Rg, indi- 
cate what happens when load and source 
are not “matched”. However, in general we 
should really be asking what is the most 
appropriate load for this source? — match- 
ing in the sense of Rg = R, is not always 
what we want. 

For example (briefly moving away from 
the specific circuit we are looking at here), 
a high impedance input (Ry much greater 
than Rg) may be most appropriate for 
amplifying the voltage from a sensor (here 
Rg is the sensor output resistance and Ry, 
the amplifier input resistance). Similarly, 
Kenon may want the output voltage to be 
unaffected by the load so that we get the 
required voltage gain (50) from the circuit, 
thus again we would need R; to be much 
greater than Rs. 

The loss of (voltage) signal in decibels 
due to loading (load loss) can be calculat- 
ed as follows: 


Load loss = 20iog —— Br 
7 (Rs + R,) 


In general it is a good idea to have Ry 
about ten times as large as Rg if you want 
to maximise the voltage signal. This results 
in a load loss of less than 1dB. 

For Kenon’s circuit (assuming that volt- 
age across the load is the important factor, 
not power to the load, and still ignoring the 
fact that the 741 is actually overloaded) we 
would get a loss of 0-17dB for Ry = 1-0 and 
Rg = 0-02. This result just serves to high- 
light that the lack of output voltage is due 
to over-loading rather than “matching”. 

The circuit fails to produce the required 
output voltage because it is not capable of 
delivering the required current, rather than 
because the output resistance is too high. 
Of course, once the op amp goes into over- 
load and switches on its protection circuits 
the conditions under which the output 
resistance was calculated no longer hold 
and value does not really mean anything. 

It is also worth noting that the open loop 
op amp output resistance of 75@ would 
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lead to a load loss of 38dB with the same 
load (again assuming no overloading), 
demonstrating the strong effect of feed- 
back on circuit behaviour. When working 
with op amp circuits it is important to 
remember that the circuit’s characteristics 
are not necessarily the same as the op 
amp’s. The amount of feedback and specif- 
ic circuit configuration used must be taken 
into account. 


Power Transfer 

To broaden the discussion on matching 
for a moment, consider what happens 
when Rg = Ry — why might this be useful? 
The answer is that maximum power is 
transferred from source to load. In order to 
prove this you have to use calculus to find 
the maximum of the relationship between 
load power and load resistance. 

The power transfer aspect of matching 
is important in power amplifier outputs. 
For example, consider a power amplifier 
producing a 3V RMS signal with 1 out- 
put resistance; the power into loads of 
various resistances are listed below. The 
maximum power is obtained for a load of 
1 — matching the source resistance. The 
maximum power delivered to the load is 
half of the power taken from the source at 
that point, as the load resistance increases 
above being equal to Rg a greater propor- 
tion of the source’s power ends up in the 
load, but the actual power delivered 
decreases. 


Load RMS Power in Load 
(1Q source at 3V RMS)) 
0-25Q 1-4W 
0-5Q 2:0W 
10 2:3W 
1-5Q 2-2W 
22 2:0W 
3Q 1-7W 


It is worth pointing out that Fig.3 does 
not apply to all situations where the issue 
of matching may arise. An important case 
is high frequencies on long wires, where 
the wire must be considered as a transmis- 
sion line. We then have to model the wire 
between the source and load rather than 
assuming a simple connection. Secondly, 
not all “sources” are really sources in the 
sense of Fig.3. For example, some sensors 
vary in impedance, but do not contain a 
voltage source. 


Short Circuit Protection 

As we have already said, Kenon’s circuit 
will cause the 741 to activate its short cir- 
cuit protection. To see what is going on we 
have to look inside the op amp. Fig.4 
shows the 741’s output circuit (uA741 
from Texas Instruments www.ti.com). 
Note that other sources on 741 schematics 
may vary from the one given, but the basic 
configuration should be similar. 

Fig.5 shows a simplified version of the 
output circuit with the protection circuit 
(TR4, TR5, R1, R2) removed and biasing 
circuitry (TR6, TR7, TR8, R3, R4) simpli- 
fied to a current source and two diodes. 
The diodes are the base-emitter junctions 
of TR7 and TR8. Hopefully, Fig.5 makes it 
easier to see that the circuit is basically a 
push-pull emitter follower in which TRI 
conducts for positive signal voltages and 
TR2 for negative voltages. 


PROTECTION 


Fig.4. The “A741 output circuit (from TI 
data sheet) 


As the input signal varies, the diodes 
maintain a constant 2 x Vpp difference 
between the two base voltages ensuring 
that they are both biased to the point of just 
conducting with no signal present. The 
actual base voltages will vary with the sig- 
nal, but the difference between them is 
fixed by this biasing arrangement. The 
diodes are ideally at the same temperature 
as the output transistors so that changes in 
their voltage drop with temperature tracks 
those of the output transistor. 

The push-pull amplifier is likely to be 
damaged if its output is short-circuited to 
ground due to the excessive collector cur- 
rent which will flow in the conducting 
transistor. Part of the short-circuit protec- 
tion circuitry is shown in Fig.6. The pro- 
tection circuitry monitors the current 
flowing in the output and turns off the 
output transistor if the current exceeds 
some pre-defined limit. The current 
detection is achieved by using a small 
resistor (R1, about 22) in the output 
signal path, and a transistor to switch off 
the output. 


Fig.5. Simplified output circuit 
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Fig.6. Output stage with part of the pro- 
tection circuit (protection circuit is 
shown in red) 


The output current causes a voltage drop 
across the resistor. The protection transis- 
tor (TR4) switches on when the resistor 
voltage reaches 0-55V to 0-6V . The pro- 
tection transistor is connected so that when 
it is on it effectively short-circuits the input 
to the power transistors, so they have no 
signal to amplify. 

The protection resistor values, Rl = 
PVge tra / Imax Where Vpe rpg is the turn-on 
voltage of the protection transistor (typical- 
ly 0-55V) and I,,4, is the maximum output 
current, i.e. the current at which the protec- 
tion kicks in. For R1 = 22Q and Vpe tra = 
0-55V we get a current limit of 25mA. 

The other part of the protection circuit, 
TRS and R2, works in the same way but 
connects back to earlier in the circuit to 
also switch off other transistors which 
would otherwise be subject to excessive 
power dissipation. 


Which Op amp? 

As the 741 is not capable of driving the 
loads required by Kenon’s circuit, the 
question arises as to what might do the job. 


One possibility, particularly if voltage 
amplification is the key requirement, is to 
use a high power op amp. For example, the 
LM675 from National Semiconductor is 
capable of delivering output currents in 
excess of 3A, operating at supply voltages 
of up to 60V. The OPAS41 from Texas 
Instruments is capable of operation from 
power supplies up to +40V and delivering 
continuous output currents up to 5A. 
Another possibility, if power amplification 
is the main aim, would be to use a power 
amplifier IC (such as an audio power 
amplifier). 

A search of manufacture’s web sites will 
provide more devices to investigate. In all 
cases the data sheets need to be consulted 
to check the suitability for the application. 
Many power op amps are designed for use 
in circuits with gains of five or 10 or more 
(not a problem here). If the load is capaci- 
tive or inductive, then the ratings of the 
device may be reduced and special circuit 
techniques may be advised on _ the 
datasheet. Correct heatsinking is also 
essential for success with high power ICs. 
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Surfing The Internet 


Alan Winstanley 


UR Internet column continues with our theme of using Skype, the 

free Internet-based telephony and video calling service. Having 
set up the Skype software as described previously, try clicking your 
own name in the contacts list followed by the Edit My Profile button: 
instead of the default “head and shoulders” icon, click Change. ... and 
point to an image or logo on your hard disk. Skype will resize it and 
your graphic will now appear against your name in all your friends’ 
contact lists. 

You can also right-click Skype usernames in your contacts list and 
change them to something more recognisable, for example instead of 
“fredsmith1927057” you could rename it to “Fred”. 

If you are gathering quite a num- 
ber of entries in your Contacts list, 
trying sorting them into Groups to 
manage them (e.g. friends, work- Go A 
mates): go View/Show Contact 
Groups and then drag names to the 
appropriate labels. 


VoIP Phones 


For those users who want to get into 

Skype in a big way, they might con- 
sider using a dedicated VoIP (Voice 
over Internet Protocol) telephone 
instead, which offers a more familiar- 
feeling way of communicating with 
fellow users. A number of new VoIP 
phones are coming onto the market 
that are certified for use with Skype: 
simply plug them into a PC’s USB 
port and install the phone’s USB driv- O Gy ase 
ers, and then use the handset to call 
Skype users for free, or ring non- 
Skype telephone numbers anywhere in 4 
the world using “SkypeOut” credits. 
Quality and price varies, and one 
cheap unbranded VoIP phone tested by 
the writer failed to work at all and was 
scrapped. 

More sophisticated phones may 
have a built-in address book and other features including mono or 
colour LCD display, and some may offer wireless operation, 
such as the Qpe Wireless VoIP Phone from Maplin 
(www.maplin.co.uk). On the web, Watford Electronics 
(www.savastore.com) currently offer the US Robotics 
USR809600 VoIP USB Skype phone for just £20 which is good 
value compared to unbranded ones. It has an LCD display and sup- 
ports Skype Caller ID. They also list the interesting-looking 
Linksys CIT200-UK DECT cordless Skype Handset for £71. 

Displaying a trend towards converging communications, “hybrid” 
phones are emerging with Panasonic introducing their new Skype 
compatible KX-TG9000 handset in some countries: it connects to a 
POTS landline as well as to a broadband connection, so you can 
choose how to route your calls. 

Possibly the neatest alternative of all is to try a Bluetooth cordless 
headset for hands-free use with a PC. In the writer’s own experience, 
setting up Bluetooth on a PC has always been a troublesome process. 
A USB Bluetooth dongle is required (note, Class 1 Bluetooth devices 
have a 100 metre range — Class 2 types are limited to about 10 metres), 
but be prepared for plenty of hairpulling when trying to make 
Bluetooth devices talk to each other. Some technical hints and tips on 


Skype™ - alan 


== Wen Comtesse Tose Cal “eb 


» Oo 


he Aan Winstaniey 


< Cortes rotor 


De FF cobermoans 


68 


agecontas: Seen Comeexe Cut Seu Me 


A Skype video call in progress, with a thumbnail self- 
image. Full screen video can also be selected. Note 
the Hold and microphone Mute butions in the toolbar 


Bluetooth headsets may be found in a Skype forum at 
http://tinyurl.com/9kj3j. 


Video Stars 


One of Skype’s major benefits is the ability to video-communicate 
with friends and relatives no matter where they are in the world. 
Seeing and hearing distant family and friends in this way can be a 
hugely rewarding and enjoyable experience. Not only will Skype play 
the contact’s video image live in a window, a small thumbnail of your- 
self is also provided (see screenshot). Full screen video can also be 
selected. 

It should be pointed out from the 
start that neither sound nor vision will 
be perfect: expect some sound lag at 
times and occasional pixelation of 
images. Performance seems to tail off 
in the evening as general Internet traf- 
fic increases, but overall the quality of 
Skype video is more than acceptable 
— especially as it’s free. Sometimes, 
sound performance has also been 
astonishingly good. 

A web camera is needed and in this 
respect buyers are spoiled for choice. 
Try checking your digital still camera 
for a webcam or “USB Cam’ mode 
that allows a direct connection to a 
computer. A small desktop tripod can 
be bought for a few pounds and a sep- 
arate microphone will possibly be 
required; a mains adaptor for the 
camera may be useful. Note that a 
number of digicams have a “video 
out” mode but this may be intended 
for displaying digital images on a tel- 
evision screen. This is not suitable for 
Skype video. 

Most users will probably opt to 
buy a dedicated webcam. As always, 
you get what you pay for and 
popular brands include Logitech, Creative and Philips (e.g. see 
www.amazon.co.uk). They are USB connected and may have a 
clamp to fit them on top of an LCD monitor or laptop. Also look for a 
built-in microphone, a snapshot button and an “on air’ |.e.d.; some 
webcams include a separate privacy headset as well. Image resolution 
is measured in pixels: almost all seem to offer native VGA 640 x 480 
pixels, which is perfectly adequate for webcam use. 

The author’s Logitech 5000 camera is somewhat bulky but has an 
extra-wide field of view to allow family members to appear in one 
image with less distortion. It also has a pop-down privacy visor. 
Sound quality via the integral microphone is good (remember to make 
a test call to Skype to check out your sound system — see last month). 

The more expensive cameras such as the Logitech 5000 and the 
Philips SPC 900NC include intelligent face-tracking software which 
is quite eerie to behold: it zooms in or “electronically” follows the sub- 
ject around the room (within limits) without physically moving. 
(Unfortunately the current Skype software seems to forget these 
default settings in between sessions.) 

Next month, I will outline some alternatives to Skype that will 
enable you to use an ordinary telephone on your broadband connection. 
You can Email the writer at alan@epemag.demon.co.uk 
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WIN AN ATLAS LCR ANALYSER 
WORTH £79 


An Atlas LCR Passive Component 


READOUT 


Email: john.becker @ wimborne.co.uk 


John Becker addresses some 
of the general points readers 
have raised. Have you anything 
interesting to say? 

Drop us a line! 

All letters quoted here have previously been replied to directly. 


Analyser, kindly donated by Peak Electronic 
Design Ltd., will be awarded to the author 
of the Letter Of The Month each month. 


The Atlas LCR automatically measures 
inductance from 1uH to 10H, capacitance 
from 1pF to 10,000uF and resistance from 

1Q to 2MQ with a basic accuracy of 1%. 

www.peakelec.co.uk 


%* LETTER OF THE MONTH * 


Interak and Greenbank 


Dear EPE, 

Firstly, the new magazine style 
looks superb — much better quality 
overall, the diagrams and schematics 
are clearer and a pleasure to read. 

Secondly, it was great to see the let- 
ter from David Parkins (Readout Jan 
°06), as he is someone whom I had not 
heard of for almost 20 years. I had 
searched for links to him on the 
Internet but had been unable to find 
any. 

His letter contained some thought 
provoking comments and really any- 
one who writes to your magazine with 
some criticism is only doing so 
because they do not want to loose a 
rare and valuable publication. As 
David says — he has “seen most of 
them come and go” and electronics 
magazines are now rarer than hens’ 
teeth. 

During the 1970s and 80s, David 
was the guiding force behind the 
Interak computer, this was closely 
linked to his business Greenbank 
Electronics. I still use this computer 
today (it could be the only one left 
now), which is a Z80 based rack and 
card system. My system uses CP/M 
2.2 as an OS, although there were 
many other options. The computer was 
built up by buying specific cards from 
Greenbank or making your own using 
a prototype card. 

What makes the Interak such a great 
computer is that it is so versatile — it is 
really easy to expand and adapt so that 
almost any type of circuit can be con- 
nected to it. Of course it does not have 
the amazing graphics capability of 


Increment-Decrement 


Dear EPE 

I am busy with a PIC program using 
an LCD, but I am struggling — please 
help! I have written the program for a 
PIC16F84A. The program counts up and 
down in BCD with LEDs as outputs. 
When the circuit increments, the LCD 
must display the message ‘“WEL- 
COME”. When it decrements, the LCD 
must display the message “GOOD- 
BYE”. When the count reaches 99 the 
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modern PCs but I find it ideal as a reli- 
able electronics workhorse. 

When the Interak was being sold, 
David went to great lengths to ensure 
that his customers were satisfied and the 
after-sales service was outstanding. I 
think he would agree that he is some- 
thing of a perfectionist and this shows in 
his attention to detail in the copious doc- 
umentation and circuit diagrams. If he 
could be persuaded to write some arti- 
cles on the life and times of Greenbank 
Electronics I’m sure they would make 
very interesting reading. 

My keen interest in electronics means 
that I am curious to know what effect 
every byte and bit are having and I like 
having control of what goes where in the 
memory — with today’s PCs this is 
almost impossible. The Interak allows 
complete control of every function, it is 
also great for robotics plus it is fun to 
use. There are many features of this 
computer which I find really appealing! 

My present project is to use a 
Compact Flash card as a hard drive stor- 
age device. Since most CP/M applica- 
tions use 20K or less a 64MB Compact 
Flash will provide more than enough 
storage. The recent EPE articles on 
Compact Flash were a great assistance 
and so far I can read the CF Identity 
Information. I am presently modifying 
the BIOS to be able to read and write 
files from the CF. 

Regarding the Readout issue of pro- 
gramming languages, it depends what 
you want from your hobby/interest. I 
appreciate that there are some brilliant 
high-level languages around now and I 
can understand some people being very 
enthusiastic about their favourites but 


LCD must display the message “FULL”. 
Gordon Mofokeng, South Africa, 
via email 


I regret that we don’t normally have 
time to offer design advice to readers in 
this way, Gordon, but you might raise the 
question of your problem on our Chat 
Zone, access via our main page at 
www.epemag.co.uk and see if any read- 
ers might care to advise. 

But it seems that you could simply use 
subtraction of your previous count value 


(and please correct me if I am wrong) 
I see EPE as a practical “hands on” 
type of publication. I have seen other 
magazines which cater exclusively for 
software and because of the vast num- 
ber of languages around, EPE would 
soon be overburdened in an effort to 
please everyone. 

The languages I use are Z80 assem- 
bler, PIC assembler, PicBasicPro, 
BASIC and Visual Basic. I enjoy 
assembler because I can (usually) pic- 
ture the operation of every bit as it is 
controlled by the code. These few lan- 
guages seem to be sufficient for my 
needs at present, which are control and 
testing of electronic circuits. It would 
also be interesting to see notes on 
other languages and perhaps the rea- 
son why they work with a particular 
project. In some cases though, I would 
question the point of using a high-level 
language to operate an electronic door 
lock or for many of the other projects 
in EPE, 

Alan Paton, via email 


Thanks for an interesting letter, 
Alan. I don’t think I knew of David’s 
Greenbank/Interak connection, 
although Mike would have done. 

I agree with EPE’s attitute towards 
languages. For many years I’ve stan- 
dardised on PIC assembler and VB6, 
which do all I want and are interesting 
to use. You may see a little coverage of 
other languages from time to time, but 
we always have to consider what most 
readers appear to have in terms of 
facilities and knowledge, and we are 
not really a “programming” mag in 
the wider sense. 


from the current one to find increment or 
decrement conditions, reading the 
Carry/Borrow bit of Status to detect 
greater than or less than, and then using 
an equality check of the value of 99 with 
the count value i.e.: 


movlw 99 
xorwf Count, W 


; put 99 into W 

; XOR with value in 
Count 

btfss Status, Z ; is answer equal to 0? 
return ; no 

goto Full ; yes, action display 


71 


Electrovalue 


David Longland of Electrovalue 
recently wrote direct to Alan Winstanley 
regarding our website “history” page: 

I am at last emerging from a cloud 
under which I sank in Sept last year 
when I had to close down my company, 
Electrovalue Ltd. Someone told me 
there was “talk” on the internet on the 
hole left on our closing. You are running 
a good chat site which I found this after- 
noon and also a bit of history promoting 
fond memories, on Www.epemag. 
wimborne.co.uk/history2.htm. 

Many times in the past I have been 
asked whether we are an offshoot of RS 
Components, which we were not. I pre- 
sumed that is was a confusion on their 
part between’ Electrovalue and 
Electrocomponents, the RS holding 
company. However on reading history2, 
it says that “RS later launched 
ElectroValue”. If this was published, 
then this could have been the origin (I 
have no problem with it). I started my 
company in 1964 trading as 
“Longland’s” and advertised in 
Practical Wireless, later in Practical 
Electronics. In Nov ’65 I registered the 
name Electrovalue and started trading 
as that. 

Anyway, its nice to make contact with 
the old world and now I'll continue with 
my retirement. 

David Longland, via email 


Alan replied to David: 


It is very good of you to write, David, 
and we’re pleased to hear from you 
again. I’ve copied it to John. 

It came as a huge shock to me to learn 
that you had ceased trading. I always had 
a healthy respect for the extremely inter- 
esting range of components that you 
sold, and especially those tricky parts — 
LED bezels, C&K miniature toggle 
switch dress nuts and PVC tang covers, 
and the famous range of Siemens com- 
ponents, RF parts and filters. Alfac trans- 
fers and Seno GS etchant. All the quality 
parts that made my projects look good. 
And you listed the first blue LED that I 
ever saw (£30!) 

I was aware you were independent of 
RS, but now that you mention it, I have 
not until now connected your 
Electrovalue name with that of the RS 
offshoot (the RS catalogue with a differ- 
ent cover — was it ElectroSpares I now 
ask myself?). Now I’m not sure any 
more! Perhaps John knows. 

If there is any error on my web pages 
then I would definitely like to correct it, 
and also I'll add your comments into the 
text as I’m sure readers will be pleased to 
see them. 

It is encouraging if you feel able to 
turn the corner after having endured such 
a shock. One thing I have learned in life 
is that what seems like the end of a road 
usually turns out to be a bend. So I hope 
something new comes up that will help 
you along again. 

Alan Winstanley 
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I replied to David and Alan: 

David, I’m very sorry to learn about 
Electrovalue closing. You have been one 
of the stalwart names for many years. 
The marketplace will miss you. But 
Alan’s right; my own similar statement is 
that as one door closes another can 
open, sometimes with great benefit, as 
I’ve discovered over the years. 

Alan, Electromail was the RS outlet! 
Certainly Doram (the Door to Amateur 
electronics) was another, but that went 
long before Electromail. 

All our very best wishes David. 


Digital Terrestrial TV Again 


Dear EPE, 

Just thought I would drop you a line in 
reply to Ken Wood’s letter in Readout 
April ’06 about Digital Terrestrial TV, 
and also the comments about remote 
control ranges. 

There is a device already available to 
convert the video output from a digital 
receiver to an analogue RF signal. This is 
an RF modulator and some have either a 
Scart input or an RCA phono input that 
converts from composite video to RF on 
the standard coaxial connectors. They 
can also be tuned across the analogue 
band between channels 21 to 69 thus giv- 
ing an interference-free picture. 

The modulator can be fitted on the out- 
put of the Freeview box connected via 
the Scart output, the RF from the modu- 
lator then connects into the VCR on the 
system then the output from here is 
“piped” into the distribution amplifier 
and fed to the various outlets around the 
house. 

The setup of the modulator can be a lit- 
tle tricky and usually results in an initial 
poor quality picture, this is usually attrib- 
uted to being on the same frequency as a 
terrestrial TV channel or maybe the same 
frequency as the VCR! This in effect 
generates an RF signal of its own 
through its own internal modulator. A 
simple way to fix this problem is by tun- 
ing the modulator to a different frequen- 
cy, clear ones can be found by tuning the 
TV or VCR to what can be seen as a 
“blank” area on the band i.e. just snow. 
(If you do get a poor picture just unplug 
the modulator and see if there is a faint 
signal in the background, dead give- 
away!) 

The modulators usually have an aerial 
input as well as output so the existing ter- 
restrial aerial can be fed through it. If this 
is a problem then an aerial combiner or 
diplexer can be used. This connects two 
aerial inputs to one output. 

The remote control can be assisted 
using a remote extender. This is a two- 
part device that has an infra red receiver 
and transmitter. They convert the signals 
to RF between them and the most com- 
mon look like pyramids. The receiver 
goes next to the TV or other equipment 
to be controlled. The transmitter goes 
usually in the bedroom or wherever the 
control is being used, the remote is 
aimed at the transmitter and an RF signal 
is sent to the receiver that converts the 


signal back to infra red. It was mainly 
used for remote control from the bed- 
room down to the living room. 

The components are available from 
CPC, www.cpe.co.uk, RF modulator 
SR05358, at approx. £35 and from 
http://cpc.farnell.com/jsp/endeca 
Search/partDetail.jsp?SKU=AV VRX5 
69, at £13.61. 

Dave Barsby, via email 


Modulators used to be far more com- 
mon, Dave. I recall buying little oblong 
tins with them in and used them for all 
sorts of purposes. Then along comes 
Channel 5, which transmits on a similar 
frequency, and which I used, and indeed 
was set in my VCR at the time, and which 
became unusable. When C5 started 
locally (I live not far from the Crystal 
Palace transmitter), teams of C5 reps 
went round households with such VCRs 
and somehow retuned all the modulators 
in them. But ours never seemed the same 
again. Got DVD now and am not sure 
what they use, if at all. 


PIC Development 


Dear EPE, 

Over the past couple of years I’ve 
noticed quite a large amount of cheap 
and cheerful electronic games and gad- 
gets being sold that contain both an LCD 
display and some kind of input device, 
some including a full qwerty keypad. 
This got me thinking that these would 
make ideal low cost development sys- 
tems for a PIC. 

Most PIC projects seem to require an 
LCD and every one some kind of human 
input device so why not cut down on 
hardware building and modify one of 
these devices? 

I have actually already read all the 
EPE articles on LCD interfacing etc. ’m 
now interested in developing smaller and 
cheaper handheld units though as the 
standard keypads and LCDs you buy for 
hobby development are rather large and 
also expensive. 

This is what made me think of all the 
current cheap handheld devices that are 
about and could possibly be used for other 
purposes. So far, all the devices I’ve dis- 
mantled to investigate use a “die on board 
construction” which makes the product 
cheaper to produce but also impossible for 
anyone to experiment with. 

I was wondering whether maybe one 
of your readers has had a similar idea but 
has actually managed to find a useable 
device (i.e. one where it’s actually possi- 
ble to connect to the LCD, keypad and 
micro.) 

Lee Archer, via email 


Lee, at various times I’ve shown in 
EPE how to interface LCDs, GLCDs, 
keypads, keyboards and mice to PICs, 
but you’ve obviously read them. You 
could also ask the question via our 
Chat Zone (access also via www. 
epemag.co.uk). Readers, any sugges- 
tions for Lee? 
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DIRECT BOOK SERVICE 


FREE Two booklets and a Circuit Surgery 
CD-ROM with Teach-In 2000 CD-ROM 


aS 
EPE TEACH-IN 
2000 CD-ROM 


The whole of the 12-part Teach-In 2000 series by John 
Becker (published in EPE Nov '99 to Oct 2000) is now 
available on CD-ROM. Plus the Teach-In 2000 interactive 
software (Win 95, 98, ME and above) covering all aspects 
of the series and Alan Winstanley’s Basic Soldering Guide 
(including illustrations and Desoldering). 

Teach-In 2000 covers all the basic principles of elec- 
tronics from Ohm's Law to Displays, including Op.Amps, 
Logic Gates etc. Each part has its own section on the inter- 
active software where you can also change component 
values in the various on-screen demonstration circuits. 

The series gives a hands-on approach to electronics 
with numerous breadboard circuits to try out, plus a sim- 
ple computer interface (Win 95, 98, ME only) which 
allows a PC to be used as a basic oscilloscope. 


ONLY £12.45 including VAT and p&p 


Order code Teach-In CD-ROM 


NOTE: ALL PRICES INCLUDE UK POSTAGE 


Circuits and Desigm 


A BEGINNER’S GUIDE TO TTL DIGITAL ICs 

R. A. Penfold 

This book first covers the basics of simple logic circuits in 
general, and then progresses to specific TTL logic inte- 
grated circuits. The devices covered include gates, oscilla- 
tors, timers, flip/flops, dividers, and decoder circuits. Some 
practical circuits are used to illustrate the use of TTL 
devices in the “real world”. 


Order code BP332 


PRACTICAL ELECTRONICS CALCULATIONS AND 
FORMULAE 
F. A. Wilson, C.G.LA., C.Eng., F.LE.E., F.LE.R.E., F.B.1.M. 
Bridges the gap between complicated technical theory, and 
“cut-and-tried” methods which may bring success in design 
but leave the experimenter unfulfilled. A strong practical bias 
— tedious and higher mathematics have been avoided where 
possible and many tables have been included. 

The book is divided into six basic sections: Units and 
Constants, Direct-Current Circuits, Passive Components, 
Alternating-Current Circuits, Networks and Theorems, 


Measurements. 
Order code BP53 


256 pages 

MICROCONTROLLER COOKBOOK 

Mike James 

The practical solutions to real problems shown in this cookbook 
provide the basis to make PIC and 8051 devices really work. 
Capabilities of the variants are examined, and ways to enhance 
these are shown. A survey of common interface devices, and a 
description of programming models, lead on to a section on 
development techniques. The cookbook offers an introduction 
that will allow any user, novice or experienced, to make the 
most of microcontrollers. 


240 pages Order code NE26 


142 pages £5.45 


£5.49 


£23.99 


The books listed have 
been selected by Everyday 
Practical Electronics edi- 
torial staff as being of 
special interest to every- 
one involved in electronics 
and computing. They are 
supplied by mail order 
direct to your door. Full 
ordering details are given 
on the last book page. 


FOR A FURTHER 
SELECTION OF BOOKS 


SEE THE NEXT TWO 
ISSUES OF EPE 


All prices include UK 
postage 


Computing & Robotics 


WINDOWS XP EXPLAINED 

N. Kantaris and P. R. M. Oliver 

If you want to know what to do next when confronted with 
Microsoft's Windows XP screen, then this book is for you. It 
applies to both the Professional and Home editions. 

The book was written with the non-expert, busy person in 
mind. It explains what hardware requirements you need in 
order to run Windows XP successfully, and gives an 
overview of the Windows XP environment. 

The book explains: How to manipulate Windows, and how to 
use the Control Panel to add or change your printer, and con- 
trol your display; How to control information using WordPad, 
Notepad and Paint, and how to use the Clipboard facility to 
transfer information between Windows applications; How to 
be in control of your filing system using Windows Explorer 
and My Computer; How to control printers, fonts, characters, 
multimedia and images, and how to add hardware and soft- 
ware to your system; How to configure your system to com- 
municate with the outside world, and use Outlook Express 
for all your email requirements; How to use the Windows 
Media Player 8 to play your CDs, burn CDs with your 
favourite tracks, use the Radio Tuner, transfer your videos to 
your PC, and how to use the Sound Recorder and Movie 
Maker; How to use the System Tools to restore your system 
to a previously working state, using Microsoft's Website to 
update your Windows set-up, how to clean up, defragment 
and scan your hard disk, and how to backup and restore your 
data; How to successfully transfer text from those old but 
cherished MS-DOS programs. 


Order code BP514 


INTRODUCING ROBOTICS WITH LEGO MINDSTORMS 
Robert Penfold 
Shows the reader how to build a variety of increasingly 
sophisticated computer controlled robots using the bril- 
liant Lego Mindstorms Robotic Invention System (RIS). 
Initially covers fundamental building techniques and 
mechanics needed to construct strong and efficient 
robots using the various “click-together” components 
supplied in the basic RIS kit. Explains in simple terms 
how the “brain” of the robot may be programmed on 
screen using a PC and “zapped” to the robot over an 
infra-red link. Also, shows how a more sophisticated 
Windows programming language such as Visual BASIC 
may be used to control the robots. 

Detailed building and programming instructions pro- 
vided, including numerous step-by-step photographs. 


288 pages — large format Pelt eimerteM=] tiie £14.99 


MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold 


Covers the Vision Command System 


Shows the reader how to extend the capabilities of the 
brilliant Lego Mindstorms Robotic Invention System 
(RIS) by using Lego’s own accessories and some simple 
home constructed units. You will be able to build robots 
that can provide you with ‘waiter service’ when you clap 
your hands, perform tricks, ‘see’ and avoid objects by 
using ‘bats radar’, or accurately follow a line marked on 


268 pages £7.99 


the floor. Learn to use additional types of sensors includ- 
ing rotation, light, temperature, sound and ultrasonic and 
also explore the possibilities provided by using an addi- 
tional (third) motor. For the less experienced, RCX code 
programs accompany most of the featured robots. 
However, the more adventurous reader is also shown 
how to write programs using Microsoft's VisualBASIC 
running with the ActiveX control (Spirit-OCX) that is pro- 
vided with the RIS kit. 

Detailed building instructions are provided for the fea- 
tured robots, including numerous step-by-step pho- 
tographs. The designs include rover vehicles, a virtual 
pet, a robot arm, an ‘intelligent’ sweet dispenser and a 
colour conscious robot that will try to grab objects of a 


specific colour. 
Order code BP902 


PIC YOUR PERSONAL INTRODUCTORY COURSE 
SECOND EDITION John Morton 

Discover the potential of the PIC micro- 
controller through graded projects — this book could 
revolutionise your electronics construction work! 

A uniquely concise and practical guide to getting up 
and running with the PIC Microcontroller. The PIC is 
one of the most popular of the microcontrollers that are 
transforming electronic project work and product 
design. 

Assuming no prior knowledge of microcontrollers and 
introducing the PICs capabilities through simple projects, 
this book is ideal for use in schools and colleges. It is the 
ideal introduction for students, teachers, technicians and 
electronics enthusiasts. The step-by-step explanations 
make it ideal for self-study too: this is not a reference book 
— you start work with the PIC straight away. 

The revised second edition covers the popular repro- 
grammable EEPROM PICs: P16C84/16F84 as well as 
the P54 and P71 families. 


Order code NE36 


INTRODUCTION TO MICROPROCESSORS 

John Crisp 

If you are, or soon will be, involved in the use of 
microprocessors, this practical introduction is essential 
reading. This book provides a thoroughly readable intro- 
duction to microprocessors. assuming no previous 
knowledge of the subject, nor a technical or mathemat- 
ical background. It is suitable for students, technicians, 
engineers and hobbyists, and covers the full range of 
modern microprocessors. 

After a thorough introduction to the subject, ideas are 
developed progressively in a well-structured format. All 
technical terms are carefully introduced and subjects 
which have proved difficult, for example 2’s comple- 
ment, are clearly explained. John Crisp covers the com- 
plete range of microprocessors from the popular 4-bit 
and 8-bit designs to today’s super-fast 32-bit and 64-bit 
versions that power PCs and engine management 


systems etc. 
Order code NE31 


298 pages £14.99 


270 pages £16.99 


222 pages £21.99 
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EASY PC CASE MODDING 
R.A Penfold 

Why not turn that anonymous grey tower, that is the 
heart of your computer system, into a source of visual 
wonderment and fascination. To start, you need to change 
the case or some case panels for ones that are transpar- 
ent. This will then allow the inside of your computer and it’s 
working parts to be clearly visible. 

There are now numerous accessories that are relatively 
inexpensive and freely available, for those wishing to cus- 
tomise their PC with added colour and light. Cables and 
fans can be made to glow, interior lights can be added, and 
it can all be seen to good effect through the transparent 
case. Exterior lighting and many other attractive acces- 
sories may also be fitted. 

This, in essence, is case modding or PC Customising as 
it is sometimes called and this book provides all the prac- 
tical details you need for using the main types of case 
modding components including:- Electro luminescent (EL) 
‘go-faster’ stripes: Internal lighting units: Fancy EL panels: 
Data cables with built-in lighting: Data cables that glow with 
the aid of ‘black’ light from an ultraviolet (UV) tube: Digital 
display panels: LED case and heatsink fans: Coloured 
power supply covers. 


Order code BP542 


NEWNES PC TROUBLESHOOTING 
POCKET BOOK - THIRD EDITION 
Howard Anderson, Mike Tooley 

All the essential data for PC fault-finding and upgrading. 
This book provides a concise and compact reference that 
describes, in a clear and straightforward manner, the prin- 
ciples and practice of fault-finding and upgrading PCs and 
peripherals. The book is aimed at anyone who is involved 
with the installation, configuration, maintenance, upgrad- 
ing, repair or support of PC systems. It also provides non- 
technical users with sufficient background information, 
charts and checklists to enable the diagnosis of faults and 
help to carry out simple modifications and repairs. In order 
to reflect rapid changes in computer technology (both 
hardware and software) this new edition has been com- 
pletely revised and rewritten. 


Order code NE41 


NEWNES INTERFACING COMPANION 
Tony Fischer-Cripps 

A uniquely concise and practical guide to the hardware, 
applications and design issues involved in computer inter- 
facing and the use of transducers and instrumentation. 

Newnes Interfacing Companion presents the essential 
information needed to design a PC-based interfacing sys- 
tem from the selection of suitable transducers, to collection 
of data, and the appropriate signal processing and 
conditioning. 

Contents: Part 1 — Transducers; Measurement systems; 
Temperature; Light; Position and motion; Force, pressure 
and flow. Part 2 — Interfacing; Number systems; Computer 
architecture; Assembly language; Interfacing; A to D and D 
to A conversions; Data communications; Programmable 
logic controllers; Data acquisition project. Part 3 — Signal 
processing; Transfer function; Active filters; Instrumentation 
amplifier; Noise; Digital signal processing. 


Order code NE38 


192 pages £8.99 


256 pages £19.99 


320 pages £26.99 
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Testing, Theory ame lReferemee 


THE AMATEUR SCIENTIST 
CD-ROM 


The complete collection of The Amateur 
Scientist articles from Scientific American 
magazine. Over 1,000 classic science pro- 
jects from a renowned source of winning 
projects. All projects are rated for cost, dif- 
ficulty and possible hazards. 

Plus over 1,000 pages of helpful science 
techniques that never appeared in 
Scientific American. 

Exciting science projects in: Astronomy; 
Earth Science; Biology; Physics; Chemistry; 
Weather ...and much more! The most complete 
resource ever assembled for hobbyists, and profes- 

sionals looking for novel solutions to research problems. 

Includes extensive Science Software Library with even more science 
tools. 

Suitable for Mac, Windows, Linux or UNIX. 32MB RAM minimum, 
Netscape 4.0 or higher or Internet Explorer 4.0 or higher. 


Over 1,000 projects £19.95 


BEBOP BYTES BACK (and the Beboputer Computer 
Simulator) CD-ROM 

Clive (Max) Maxfield and Alvin Brown 

This follow-on to Bebop to the Boolean Boogie is a 
multimedia extravaganza of information about how 
computers work. It picks up where “Bebop |” left 
off, guiding you through the fascinating world of 
computer design . . . and you'll have a few 
chuckles, if not belly laughs, along the way. In 

addition to over 200 megabytes of mega-cool 

multimedia, the CD-ROM contains a virtual 

microcomputer, simulating the motherboard 
and standard computer peripherals in an 
extremely realistic manner. In addition to a 
wealth of technical information, myriad nuggets of 
trivia, and hundreds of carefully drawn illustrations, 
the CD-ROM contains a set of lab experiments for the 

virtual microcomputer that let you recreate the experiences of early comput- 
er pioneers. If you’re the slightest bit interested in the inner workings of com- 
puters, then don’t dare to miss this! 

Over 800 pages in Adobe Acrobat format £21.95 
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GETTING THE MOST FROM YOUR MULTIMETER 
R. A. Penfold 
This book is primarily aimed at beginners and those of limited experience of 
electronics. Chapter 1 covers the basics of analogue and digital multimeters, 
discussing the relative merits and the limitations of the two types. In Chapter 
2 various methods of component checking are described, including tests for 
transistors, thyristors, resistors, capacitors and diodes. Circuit testing is cov- 
ered in Chapter 3, with subjects such as voltage, current and continuity 
checks being discussed. 

In the main little or no previous knowledge or experience is assumed. Using 
these simple component and circuit testing techniques the reader should be 


able to confidently tackle servicing of most electronic projects. 

96 pages £5.49 
OSCILLOSCOPES - FIFTH EDITION 

lan Hickman 


Oscilloscopes are essential tools for checking circuit operation and diagnos- 
ing faults, and an enormous range of models are available. 

This handy guide to oscilloscopes is essential reading for anyone who has to 
use a ’scope for their work or hobby; electronics designers, technicians, anyone 
in industry involved in test and measurement, electronics enthusiasts ... lan 
Hickman’s review of all the latest types of ’scope currently available will prove 
especially useful for anyone planning to buy — or even build — an oscilloscope. 

The contents include a description of the basic oscillscope; Advanced real- 
time oscilloscope; Accessories; Using oscilloscopes; Sampling oscilloscopes; 
Digital storage oscilloscopes; Oscilloscopes for special purposes; How 
oscillocopes work (1): the CRT; How oscilloscopes work (2): circuitry; How 
oscilloscopes work (3): storage CRTs; plus a listing of Oscilloscope manufac- 


turers and suppliers. Order code NE37 


288 pages £22.99 
PRACTICAL ELECTRONIC FAULT FINDING AND TROUBLESHOOTING 
Robin Pain 

To be a real fault finder, you must be able to get a feel for what is going on in 
the circuit you are examining. In this book Robin Pain explains the basic tech- 
niques needed to be a fault finder. 


VINTAGE RADIOS 
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Simple circuit examples are used to illustrate principles and concepts fun- 
damental to the process of fault finding. This is not a book of theory, it is a 
book of practical tips, hints and rules of thumb, all of which will equip the read- 
er to tackle any job. You may be an engineer or technician in search of infor- 
mation and guidance, a college student, a hobbyist building a project from a 
magazine, or simply a keen self-taught amateur who is interested in electron- 
ic fault finding but finds books on the subject too mathematical or specialised. 

The fundamental principles of analogue and digital fault finding are 
described (although, of course, there is no such thing as a “digital fault” — all 
faults are by nature analogue). This book is written entirely for a fault finder 
using only the basic fault-finding equipment: a digital multimeter and an oscil- 
loscope. The treatment is non-mathematical (apart from Ohm’s law) and all 


jargon is strictly avoided. 
£25.99 


274 pages 

ELECTRONIC TEST EQUIPMENT HANDBOOK 

Steve Money 

In most applications of electronics, test instruments are essential for checking 
the performance of a system or for diagnosing faults in operation, and so it is 
important for engineers, technicians, students and hobbyists to understand 
how the basic test instruments work and how they can be used. 

The principles of operation of the various types of test instrument are 
explained in simple terms with a minimum of mathematical analysis. The book 
covers analogue and digital meters, bridges, oscilloscopes, signal generators, 
counters, timers and frequency measurement. The practical uses of these 
instruments are also examined. 


206 pages £9.95 


DIGITAL GATES AND FLIP-FLOPS 

lan R. Sinclair 

This book, intended for enthusiasts, students and technicians, seeks to estab- 
lish a firm foundation in digital electronics by treating the topics of gates and 
flip-flops thoroughly and from the beginning. 

Topics such as Boolean algebra and Karnaugh mapping are explainend, 
demonstrated and used extensively, and more attention is paid to the subject 
of synchronous counters than to the simple but less important ripple counters. 

No background other than a basic knowledge of electronics is assumed, 
and the more theoretical topics are explained from the beginning, as also are 
many working practices. The book concludes with an explanation of micro- 
processor techniques as applied to digital logic. 


200 pages al 
UNDERSTANDING ELECTRONIC CONTROL SYSTEMS 
Owen Bishop 


Owen Bishop has produced a concise, readable text to introduce a wide range 
of students, technicians and professionals to an important area of electronics. 
Control is a highly mathematical subject, but here maths is kept to a minimum, 
with flow charts to illustrate principles and techniques instead of equations. 

Cutting edge topics such as microcontrollers, neural networks and fuzzy 
control are all here, making this an ideal refresher course for those working in 
Industry. Basic principles, control algorithms and hardwired control systems 
are also fully covered so the resulting book is a comprehensive text and well 
suited to college courses or background reading for university students. 

The text is supported by questions under the headings Keeping Up and Test 
Your Knowledge so that the reader can develop a sound understanding and 
the ability to apply the techniques they are learning. 


228 pages £20.99 


HOW ELECTRONIC THINGS WORK — AND WHAT TO DO WHEN THEY DON’T 
Robert Goodman 

You never again have to be flummoxed, flustered or taken for a ride by a piece 
of electronics equipment. With this fully illustrated, simple-to-use guide, you 
will get a grasp on the workings of the electronic world that surrounds you — 
and even learn to make your own repairs. 

You don’t need any technical experience. This book gives you: Clear expla- 
nations of how things work, written in everyday language. Easy-to-follow, illus- 
trated instructions on using test equipment to diagnose problems. Guidelines 
to help you decide for or against professional repair. Tips on protecting your 
expensive equipment from lightning and other electrical damage. Lubrication 
and maintenance suggestions. 

Covers: colour TVs, VCRs, radios, PCs, CD players, printers, telephones, 
monitors, camcorders, satellite dishes, and much more! 


394 pages £21.99 
VINTAGE RADIOS — COLLECTING ® SERVICING @® RESTORING 
Tony Thompson 


The essential guide to collecting, repairing and restoring vintage valve radios. 
These receivers are becoming ever more popular as collectibles, this is a 
good thing because it means that a very large piece of technological history 
is being reclaimed when at one time many thought it lost forever. If you look 
around, you will find plenty of valve radio sets just waiting for a loving restora- 
tion. They may not yet be the most highly prized, and they are unlikely to be 
in top condition, but they can be yours and, if you develop the skills outlined 
in this book, you will possess radio receivers to be proud of. 

The book covers radio history, styling, faultfinding, chassis and cabinet 


restoration, types of set. 
£13.50 


124 pages spiral bound 


All prices include UK P&P 
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Project Building 


ELECTRONIC PROJECT BUILDING 

FOR BEGINNERS 

R. A. Penfold 

This book is for complete beginners to electronic project 
building. It provides a complete introduction to the practical 
side of this fascinating hobby, including the following 
topics: 

Component identification, and buying the right parts; 
resistor colour codes, capacitor value markings, etc; advice 
on buying the right tools for the job; soldering; making easy 
work of the hard wiring; construction methods, including 
stripboard, custom printed circuit boards, plain matrix 
boards, surface mount boards and wire-wrapping; finishing 
off, and adding panel labels; getting “problem” projects to 
work, including simple methods of fault-finding. 

In fact everything you need to know in order to get start- 
ed in this absorbing and creative hobby. 


135 pages Order code BP392 £5.49 
BUILDING VALVE AMPLIFIERS 


Morgan Jones 

The practical guide to building, modifying, fault-finding and 
repairing valve amplifiers. A hands-on approach to valve 
electronics — classic and modern — with a minimum of the- 
ory. Planning, fault-finding, and testing are each illustrated 
by step-by-step examples. 

A unique hands-on guide for anyone working with valve 
(tube in USA) audio equipment — as an electronics experi- 
menter, audiophile or audio engineer. 

Particular attention has been paid to answering questions 
commonly asked by newcomers to the world of the vacu- 
um tube, whether audio enthusiasts tackling their first 
build, or more experienced amplifier designers seeking to 
learn the ropes of working with valves. The practical side of 
this book is reinforced by numerous clear illustrations 


throughout. 
Order code NE40 £21.99 


368 pages 
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ELECTRONIC PROJECTS FOR EXPERIMENTERS 

R. A. Penfold 

Many electronic hobbyists who have been pursuing their 
hobby for a number of years seem to suffer from the dread- 
ed “seen it all before” syndrome. This book is fairly and 
squarely aimed at sufferers of this complaint, plus any 
other electronics enthusiasts who yearn to try something a 
bit different. 

The subjects covered include:- Magnetic field detector, 
Basic Hall effect compass, Hall effect audio isolator, Voice 
scrambler/descrambler, Bat detector, Bat style echo loca- 
tion, Noise cancelling, LED stroboscope, Infra-red “torch”, 
Electronic breeze detector, Class D power amplifier, Strain 
gauge amplifier, Super hearing aid. 


Order code BP371 £5.45 


PRACTICAL FIBRE-OPTIC PROJECTS 

R. A. Penfold 

While fibre-optic cables may have potential advan- 
tages over ordinary electric cables, for the electronics 
enthusiast it is probably their novelty value that makes 
them worthy of exploration. Fibre-optic cables provide 
an innovative interesting alternative to electric cables, 
but in most cases they also represent a practical 
approach to the problem. This book provides a number 
of tried and tested circuits for projects that utilize fibre- 
optic cables. 

The projects include:- Simple audio links, F.M. audio link, 
P.W.M. audio links, Simple d.c. links, P.W.M. d.c. link, 
P.W.M. motor speed control, RS232C data links, MIDI link, 
Loop alarms, R.P.M. meter. 

All the components used in these designs are readily 
available, none of them require the constructor to take out 
a second mortgage. 


Order code BP374 £5.45 


138 pages 


132 pages 


STARTING ELECTRONICS, THIRD EDITION 

KEITH BRINDLEY 

A punchy practical introduction to self-build electronics. 
The ideal starting point for home experimenters, tech- 
nicians and students who want to develop the real 
hands-on skills of electronics construction. 

A highly practical introduction for hobbyists, students, 
and technicians. Keith Brindley introduces readers to 
the functions of the main component types, their uses, 
and the basic principles of building and designing elec- 
tronic circuits. 

Breadboarding layouts make this very much a ready-to- 
run book for the experimenter, and the use of multime- 
ter, but not oscilloscopes, and readily available, inex- 
pensive components makes the practical work achiev- 
able in a home or school setting as well as a fully 


equiped lab. 
Order code NE42 £10.99 


VIDEO PROJECTS FOR THE ELECTRONICS 
CONSTRUCTOR 

R. A. Penfold 

Written by highly respected author R. A. Penfold, this book 
contains a collection of electronic projects specially designed 
for video enthusiasts. All the projects can be simply con- 
structed, and most are suitable for the newcomer to project 
construction, as they are assembled on stripboard. 

There are faders, wipers and effects units which will add 
sparkle and originality to your video recordings, an audio 
mixer and noise reducer to enhance your soundtracks and a 
basic computer control interface. Also, there’s a useful selec- 
tion on basic video production techniques to get you started. 

Circuits include: video enhancer, improved video enhancer, 
video fader, horizontal wiper, improved video wiper, negative 
video unit, fade to grey unit, black and white keyer, vertical 
wiper, audio mixer, stereo headphone amplifier, dynamic 
noise reducer, automatic fader, pushbutton fader, computer 
control interface, 12 volt mains power supply. 


124 pages Order code PC115 £5.45 


288 pages 


THE EMERGENCE OF BROADCASTING 

IN BRITAIN 

Brian Hennessy 

The beginning of any great enterprise should be recorded 
for posterity. Few knew that the Children’s Hour “Uncles”, 
Arthur, Jeff and Caractacus, were also the engineers who 
struggled by day to develop technical equipment — and 
would soon become Assistant Controller, Station Director 
and Organiser of Programmes for the BBC. 

This is a very human account, from the dawn of radio to 
the attainment of a Royal Charter in the late 1920s. It tells 
of the struggles and frustrations of engineers in develop- 
ing innovative equipment and of the great John Reith who 
battled with everyone to bring the BBC from a staff of four 
up to a Corporation of several hundred. 

Brian Hennessy’s book also describes the deviopment 
of broadcasting equipment, the search for premises and 
looming bankruptcy before ending with the emergence of 
a firmly established Chartered Corporation — the BBC. 

Meticulous research over many years, over a hundred 
photographs, plans and diagrams as well as interviews with 
many of those who were there at the time, make this a valu- 
able and original work for those involved in media studies, 
for radio enthusiasts or simply for those interested in radio 
and the fascinating story of the emergence of broadcasting. 


Order code EBB £26.00 


COIL DESIGN AND CONSTRUCTIONAL MANUAL 

B. B. Babani 

A complete book for the home constructor on “how to 
make” RF, IF, audio and power coils, chokes and trans- 
formers. Practically every possible type is discussed 
and calculations necessary are given and explained in 
detail. Although this book is now twenty years old, with 
the exception of toroids and pulse transformers little 
has changed in coil design since it was written. 


Order code BP160 £4.49 


PRACTICAL ELECTRONIC FILTERS 

Owen Bishop 

This book deals with the subject in a non-mathematical 
way. It reviews the main types of filter, explaining in simple 
terms how each type works and how it is used. 

The book also presents a dozen filter-based projects 
with applications in and around the home or in the 
constructor’s workshop. These include a number of audio 
projects such as a rythm sequencer and a multi-voiced 
electronic organ. 

Concluding the book is a practical step-by-step guide to 
designing simple filters for a wide range of purposes, with 
circuit diagrams and worked examples. 
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seven days of receipt of order, please allow a maximum of 28 days for delivery 
— overseas readers allow extra if ordered by surface mail. 
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A large number of older boards are listed on our website. 
Boards can only be supplied on a payment with order basis. 
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Super Vibration Switch 
Wind Direction Indicator 
% PIC Flasher Mk2 — Control Board 
— Transmitter 
— Multipurpose Board 
— Simple Cycler 
— Luxeon V Controller 
— Power Supply 
Light Detector 
%& Camera Watch 
Gate Alarm — Oscillator 
— Delay/Timer 
3% Sneaky — Transmitter 
— Receiver 
% PIC Electric Mk2 — Control 
— Sensor 
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Sound Card Mixer 
Headphone Monitor 
EPE Cat Flap 
%* Bingo Box 


— Main 
— Big Digit Display 


PROJECT TITLE Order Code 


Solid-State Valve Power Supply 542 
% Vehicle Frost Box Mk2 543 
%& Propeller Monitor 544 
Solid-State Hammond 545 


%& PIC Ambilux 546 

Sunset Switch 547 

Current Clamp Adaptor for Multimeters 548 

% Tiptronic-Style Gear Indicator 
— Micro Board 549 per 
— Display Board 550 Mass 
— Hall Speed Board 551 


%& Keypad Alarm | FEB ‘06 _| 552 

3-Way Active Crossover 553 

Jazzy Heart 554 

Status Monitor — Transmitter Baa pair 
— Reciever 556 


Power Up 557 


Video/Audio Booster (double-sided) 558 
x Telescope Interface 559 


‘Smart’ Slave Flash | APR ‘06 | 560 

Programmable Continuity Tester 561 

PortaPAL 
— Microphone Board 562 
— Auxilary Board 563 
— Main Board 564 
— Charger Board 565 


Omni Pendulum 566 


Smart Card Reader/Programmer 567 
LED Lighting For Your Car (set of 15 boards) 568 
Digital Reaction Timer 569 


Spontaflex Radio— Tuner 
— Coil Pack 
— Audio Amplifier 
— Tuning Capacitor Board 
%* Safety Interface 
Back-To-Basics 1— Fridge/Freezer Door Alarm 


%& Crossword Solver 

20W Amplifier Module 

Back-To-Basics 2 — Water Level Alarm 
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%* PIC Ultrasonic Scanner 

% Radio Control Model Switcher 

Back-To-Basics 3 — Scarecrow 
— Digital Lock 

CompactFlash Interface Board 


LF/VLF Converter 
— Fixed Capacitor Board 
— Mixer/Oscillator Board 
— Buffer Amplifier 
— Q-Multiplier 
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Back-To-Basics 4 — Doorchime 
— Electronic Dice 
%& Cybervox 
Multi-Clap Switch 


Audio System 
— Preamplifier 
— Mic. Supply Board 
— Power Amp 
%& Pain Monitor 
MotorAmp 
Back-To-Basics 5 — Kitchen Timer 
— Room Thermometer 
All-Band Radio — Full Version 
— Mini Version 
%* Multicore Cable Tester — Main 
— Active 
Back-To-Basics 6 — Daily Reminder 
— Whistle Switch 
%* Model Railway Signal Control 
%& Snooker/Darts Scoreboard 
Photic Phone — Transmitter 
— Receiver 
Back-To-Basics 7 — Parking Radar 
— Telephone Switch 
% Haloween Howler 
% PIC-Based USB Interface 
% PIC Chromatone | Nov 05 _| 537 
Back-To-Basics 8 — Noughts and Crosses Enigma 
— Weather Vane Repeater 
%& Multi-Function R/C Switch 
% Speed Camera Watch Mk2 
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Poor Man’s Metal Locator 570 
% Digital Instrument Display for Cars 
— Micro Board 571 
— Display Board 572 
Widgy Box 573 
Phone Ring & Test 574 


EPE SOFTWARE | 


* All software programs for EPE Projects marked with an asterisk, and 
others previously published, can be downloaded free from our Downloads 
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site, accessible via our home page at: www.epemag.co.uk. 


PCB MASTERS ] 


PCB masters for boards published from the March ‘06 issue onwards can 
also be downloaded from our UK website (www.epemag.co.uk); go to the 
“Downloads” section. 
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PIC SUDOKU 

A hand held PIC-based unit that generates Sudoku puzzles, 
plus optional PC software which automatically solves most 
Sudoku puzzles. 


PIC INFRA-RED REMOTE RECEIVER 

Use a universal remote control to power up your PC remotely, 
to control the PC DVD player or MP3 player or, if you are a 
keen programmer, to control just about any Windows 
application. 


DIGITAL INSTRUMENT DISPLAY FOR CARS 
PART 2 

Connecting different sensors to the unit plus calibration 
procedure. 


A DIRT CHEAP HIGH CURRENT BENCH SUPPLY 
This article tells you how to modify an old PC power supply to 
provide 13-5V at up to 18A for a bench supply. But be warned 
this is not a project for the inexperienced constructor. 
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